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bstract: 

ROBLEM TO BE SOLVED: To realize a focus and tilt adjusting system which enables high- precision focus control 
id high precision tilt control by a method wherein the position of the principal surface of a substrate in the z-direction 
detected in the scanning direction, a direction intersecting the scanning direction, and a direction intersecting the 
canning direction from the image forming direction respectively, and a focus of an image projected onto the substrate 
. adjusted basing on the detection values. 
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)LUTION: Forcus detecting system^^L and GDR are each equipped with focu^^bction points positioned in 
Dnt and at the rear of an imaging field^espectively, with respect to the direction of a scanning movement of a wafer 
in scanning projection aligner. Seeing from above the surface (XY plane) of a wafer W, a focus detecting system 
DC is equipped with a detection point located in a non-scanning direction vertical to the scanning direction of the 
taging field of a 1/4 reduction projection lens PL. Z actuators 32A, 32B, 32C are driven by an optimal distance by an 
F control unit 38 basing on the detection data supplied from the focus detection systems GDL, GDR and GDC. 
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M&mm&&mz.Wi%-mZ>x ; ry7t&ffix.X^Z. -r 
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[oo45]£!g csnx) mm. &u^^m 
tot, wi«te»«stts 0 

[0 0 4 6] 

[0 0 4 7] (HI IC^^tbfcfi^^^fi:. 19 3nm« 

rbtoyj^Tj u>-x<oj; sft^tt-Y i^^u— # 

tSfe«)©uW;^7-YyK (fl8W«»R0) 13 
1 IC^tlfcS 9—1 1 i:*#V>'X* 1 2 £1&#L 

[0 0 4 81 ^^/vRfi, KSKSI^j^ioX, 
4 is. 4/t,.Hi©¥ffii-»bTE*-rs*rRii2:»»-e 



[0 0 4 9] XY^gwi^l/f^^f^l 4 

(IFM) l 7iaot, JtjK65l-3W5£$tLS 0 u 

tt) 1 6ici/— if^tr-A^Mw-r^o f—tp— t*mh- 

hu—7—2 0i£, u — !f — ^rgfrrr > * =r J* 

1 7 \z£^xm&£tiitxY-mm&&\cm<*^x is?- 

[0 0 5 0] U^^/VROIhIB^^ — 

vdie>as«««fctr— i/4 erft:b*>, 4 
^/hSj^uvx^PL^iibr. ->x/NW(Oi 

ffi (i~ft:b*>, 3fe»BB) ic»**nfe«3fett^^ KJf 

icausn, ttr, raiirt-a. i/4i/j«i/yx 
[0 0 5 1] i/4i/jNfi»i/yXSPLfi, gftou 

^X**.«T«;t-C^S 0 V^XSm*. 1 9 3 

T^<5o HWf3\ jE^7 (positive powe 

ti^o l / 4 uy p l <d i-y Xi^-jjs 

. rtiiaot, mrnizxz, i9 3hm<DKssrw-re 

tortfflid^^wvx^i 2\cfrtfX(Dyt&\cmi,x 
mm\zmm#x\cm$&z-tbtix\,^z> 0 

[0 0 5 2] fra^WttU $3L^7fr/uy— 
/NW<Dtt»oi y ^cO^fiO^teg^fe $ tit V n 5 ft tf . 
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[0 0 5 3] £<b\^ mik^WBris- bSBRRSH:. 
(Suwalctt^tb*:) ±§5#B#fFS&4, 6 5 0, 
9 8 3£M;^£;ft,T^£<fc ?\£ x Mti&t*tmv>* ^H? 

i&m^u-v) t^xmm-rz* m5£Tt#<, » 

£iKE1-£J:9tcLTfc £v\ 
[0 0 5 4] Jx/>*yV^-WHfi, ZL^f^3 0 
^^vM^tf oftT^£ 0 ZL^f-y3 0fi, 1/43® 
/hS^ 1/ P L A XCfioTZ J^IrJ Ic&il jl 
»T#£ 0 £fc % ZL7f-^3 0(j:, XY^pffi^StU 
T^vWhSftLTV^SPfl, 3feiAX(^LTt^tS* 
ftMt>^S)T#S 0 ZLXf^SOl^ 30CDZ -T 
^a^3 2A, 3 2B, M3 2C^U, X 
Y*^-^3 4l£^9#ttk;hT^S 0 
4te, *_LT, X*filXt/Y*lS»c:2»7C^»»pr 
fE£&oT^S 0 Z-r^f^x-^3 2A, 32B, 

=J^/WE" s SfcWU DC^ * — t V 7 b • 

[0 0 5 5] feU Z-7^^^x-^3 2A, 32 

b. ^u^3 2c z— mm*—*— ) 

3 0 ft, XY^f^3 4 ^OMflS^WKl/tt^Sftjfej&S 
lat^o t)U Z-7^faX^3 2A, 3 2B, 
*£>fcf> ttiaot, Z L ^ir — 3 0 (D^/V h (M 

[0 0 5 6] XYXf- ^3 4(D2R5G»ftWU V><o 

— 35 K:<fcoT$iJ®£;ft,T^5 0 pa:^;*^— SJai^h 
n — 7-3 5 left, ^gb^3 KDRtom<DXjJfaAXfiY 
XWc&VZ&nn&ik&mfe-Zt Si 5lc, if— 
TIUKIFM) 3 3^6<DjBSM«tt«dStt»$tu 

So 

[0057] mtttts ii^-3 6^Lty^r^ 

8 6$9^i BB\c^m^tiit^m^sme 1-2098 
31 (^sstt^a) ^si^ttT^sj: ?&t><£> 

[0 0 5 8] rcO^ffi^JiClSbT, l/4*8/h&S^V 



<Dfc#>, ^r^vo**^ x (i/4*g/hg:^u>'X^ 
p Lojaflm*^^Ki«A*a*-f ^ h*r«;tT^ 

S) ^)30(DMiU3SGDL, GDC, &tFGDR 

^ i/4i«uyx^PL^<i/;v mm <DT 

[0 0 5 9] ^Jtfe©lRA*BJ*o5t>. ft£tttUXG 
DL^GDRij:, — '^fglfitw t% 0?*7 =.s^W0) 

watt, &jjM<D&mm*^ **^B3fe£:h,aitt 

[0 0 6 0] Lfc^oT, IMffilGDL^GDR 
^5, 4 4 8, 3 3 2lCH^$Hfc^^«|fflai<03feR* 

-feVi^«tI^Ci:5{c«fig-rSo ua^Lfcasfe. ^o^lfe 
Wc^Tf*; *B«pfP»5, 4 4 8, 3 3 2^)Mi 

[0 0 6 1] Hl^Stbfe^ftWaiGDCWt. 9~ 

^w<omm (i-ftt>*>, xYfi) -e^fc^t^, 1/ 

*jR*a*GDCtt, HI -CAT, 1/ 

4 wy&a& ^x^pl ottufflo^tti zK-r ^ v km x. 

-TV h£«f;LT^So 

[00 6 2] *K*«tebfc3ft5 0 fc«A»Ui*ifeWt, * 
^r^v-^^&fcti^GDC^ 5fe»MSffl^GD 
L&t^gdrco-^-^^, Sv^^c®«|LTf^t^Ii-S J: 5 
IdftoTv^tv^vS^Wft^j,^ :hbO«A«ttl| 

[0 0 6 3] ±»Lfc«R^lftm5RGDL % GDR, XV 
GDC \c XoX&tiiZtltl V x/>SBO — StfCOffS 

H*Sr*i-»i6flr#ftif) ds. amRjft^i>« (AF) 
3 y h y h 3 8 ICA* * tl5 0 AF n> f> u 

-/^yh3 8^ M^GDL, GDR, ^ 
GDCd^tt*&$Jxfc«tmt«^S<5^T, Z-T^^ 
^.^1— bT<OZ-igB^e— 3 2 A, 32B, & 



-11- 



[0 0 6 4] £0>IB*W>fc»fc. «*L«k"tH3RGDLatF 

©tytt4oTV>5, ro-fe^wt. 1/43B/M9JK 

^^V^fa (x*irJ) lcl3V^r^3i^W*r^m 

[0 0 6 5] iii^^titr^-ft-^ -^ISt 
Y^I:xy^7-^3 4 ^ffirTS^ ^(ciot, * 

[0066] a2t#it5i, xi^x* 

LGa ttM/^^VX^LGb^, H 1 
fcl/4«/M9:j»uvX3RPLS:*U-CV^o JtHMtE 

X^LG b <t <7)KK##LTl/>S 0 HB/^- V^SfcP 

-oXmfeZthtc? \s— A (#) {C7£/&£*bTV^ 0 IhJB 
— ^flfflEPatt, l/4f/hjKBl/yXSPL^ft 

[0 0 6 7] ^^^i/^sC^ U^^/UR(D[hI^n 0 
^*;frfpJi;i#lH-3-- *\ !>x/>W$:-£MVw"CY 

Wfc:» o fc X^ * ^rR3 fc#Srrs r t J: o Ttrfctt 

*IA(DMtt, g|2|OTn5l^ U^?;UR<Dm$& 

>MH«p a ^v^x*T[p]|ciBSv^^fT^ h y y 

mftSB \£VLm#:#> £ tlX V * S 0 
[0 0 6 8] ^l^KU^ I ATJ$tt£HS, \s^-*>v 

1/4^/hSj^l-^X^PL (ft* 
^/V— /l/^XlLGa & t5« if)V— X U >- X^ L G 
b) (Ciot, ^ x aW(Dv/ a y hi^ S A a -CO^ 

*->m®P at^x/NWiOv'a WSAat^) 



hffl« SAaC R»i- 5/ h S A b \ZM L 

[0 0 6 9] *3r^r — >?lr£rC ^^;i/RO 

— >««Pa<OlBll8^^ — >*Sr, f)x/NWl 
^)^3 7hS«SAbl:g3fen^lc, U'^yv-R 
J*, ^/i/^IB* I AlC*TUTYttOX7^*fpJlC — ^ 
itft V r "C^lb-r^p ^oi^Wfi, © 

Berucws i \cML,XYmoj^j-r*jjmc— Siia: 

Vw-C^lbi-^o MltVw/Vr^ l/4ijg./h&J^ 

^^X*PL<0*|/Wtl/4^RSS*tTV^-5o -LIS* 
^r^x^/HCUt^ot, U^^ROtEJEg^ — >1§ 

[0 0 7 0] B 1 Rtf B 2 Id* $ JlfcffiRT 7 >f 

»/hS»i^^xaiPL<oigK»ffi»oii:aj: v 

*e>tf, IMS 1 0(djoit-5 i^f^;^7^ ^ K<£>Hia 

flSW3t I AO^ttd s lBlB^^ — ^««P a K-grTSJ: 
5ici&oTV>£ 0 ^J;p^ x u^ao^— i>\ 
4tXYXf-v ? 3 4i:ll !>x/NW±OV3yh|i« 

So 

[0 0 7 1 ] U&»Lfcj0S&\ t>U !>xi^WdSR3t(OH 
ft, t—if— TM^rA3 3\c£oX®lfe-rZ>^b 

r^jCit), 1/4^/hS^^VX^PLicMi-S^x: 
^H^e - 2 0 4 1 1 5-^^^fBS¥ : 7 - 2 2 0 9 9 8^- 
[0 0 7 2] t>b, i/f^yi/X?^ V K«HP«BO«J«t 

^*-r xfrmt-r s * e> x— au^x»st»«-*^ 

^IWIA^ BBPSSOJgtt^'TXoaEfticjtSC 

-etSo 

[0 0 7 3] H2teM*^**tbTV^a±5te, SJ^$ 
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y&fai£te\>tz^;uhmm*niitiz>o ^ cottars, # 

[0 0 7 4] Hi te^Sftfcfc/StftWSRGDL, GD 
BStbTl^fi. H3tt, l/4«/hSj^UVX^PL(0 

E3te, #^^ltti^GDL^t^GDC<DEgc0^^b"C 

^R^tftal*GDR^4«ll»Sl^TV^-5• ir^3*> 
tt, l^ttBSGD-Rtt, IM^GDL^Ciig 

[0 0 7 5] g!3$r#Mi-5^, «jR*H13RGDCa:, 
2oro«HJ8GDClMGDC2*fiTVN5, 
^GDClMGDC2lt *ffl*>fVb (tttiiWK) 

fcimfc2^ ^ hy y^R-cft*»oia«six 

£o ^il6^ttl«GDClMGDC2(t frai^W 

f6^f^¥®fttic^t5 z*fa<DfflrBKa*«r«ltU 

[00 7 6] MWGDLfl *HJ6«^*3 

1>T, 5 0(Z)^W$GDA1, GDA2, GDB 1, G 
DB2, &D«GDB3«ritT^5o MGDA1, 
GDA2, GDB1, GDB 2, MGDB3«, ^ft 
*HJ#>f^h (4fetti«*) FA1, F A 2 , FB 
1, FB 2, &tfFB3£MiI;iTV^ 0 lfettijK>f ^ b F 
AK FA2 % FBI, FB2, B 3 ft. MM 

L L c IcWftiSitlL L a ICfif JitV^o -ft 

£>CD5o<Dt£fcti3gGDA 1. GDA2, G D B 1 , GD 
B2, &tfGDB SCD^te, »4tT, ^^^ W 
fctt. ffS&Xlx— hgflHRS) OJi^C^ttStf^^b 

[0 0 7 7]IfjgLLc^ilLLa(t ***:=^ 
(Y*|rJ) KSVMc-£gggt£:^TR£$ft-C 
v^ 0 ftttlSGDAl^U^yhFAU, 
«ffl»G D C 1 V h F C U tt, X#|Rjfc*5 

feffiSGDA2^tti^yhFA2i > &WSIGDC 

[00 7 8] 30(D^mSGDBl. GDB2, &U*G 
DB30«fflWyhFBl, FB2, MFB3ft 



&x;£ftic;fc^T«5 J^^KB^ftrv^o -r^t? 
iffiWyhFB2{i, ^£ftfc&si<^£o 

t-sxm^ffrBK&B^ftTv^o Mw^K-rvh 

FB1MFB3I1 SJ^^ttfc&S I^X^Ir]^^ 

So ZcDfctb. 3o^tB^yhFBl, FB2, ^ 
OTB3^ffllT, SjK$ftfc^S iS^^lS-rS 

oTV^So 

[0079] H3^H^*i^Tv^*v^^6J^^^j^w»G■DR 

t£fc> 3o^fetfflSGDEl, GDE2, &t*G 
DE 3 ^ffi(D2o(Dftffi^GDD 1MGDD 2tlri 
X-TV^o ^GDDlMGDD2(t jtBB*«W 
SGDE1, GDE2, G D E 3 (DX^ftOj^flfllC 
Efi.£ftTV^ 0 RW&ffl^fc-rsfcfcK:. -<7>3IM#J 
KftlvCWu 12i(D^tH^GDAl, GD A 2 ; GD 
Bl, GDB 2, DB3 ; GDC 1 , GD C 2 ; GDD 
1. GDD2 ;GDE1, GDE2, GDE3|d,toT 

1 2i@cD^tH7K-r>'bFAl. F A 2 ; FBI, F 
B 2, FB3;FC1, FC2 ;FD1, FD2 ;FE 
1. FE2, F E 3 -CttW * ttfc x/NW©*ffiifit Sfi 
Btt. SVN(cMbTf5l^ifibTV>St>^^^-t~So 
[0 0 8 0] l/4i/hSfW^X^PLWI«: 

g$ftrv^^*<btf. ±5*bfci 2m<DMj&&m$&b 

[0 0 8 1] H 4 Wt, El XtfB 3 fc^Sfttf^&lfcUi 
IGDL, GD R, ^I5GDCd^(D^ttim^ (KiSft 
-S§0 ^ItSfc^AFnyhn^ h 3 8 CO 

t-, 5fe^^^W^GDLCD5oOt^tti§gGDAl, 
GDA2, GDB1, GDB2, GD B 3 ri> e><Dt£ 
miB^^/U-yt^ M*ffl*GDR(D5o©»ffl8 
GDD 1, GDD 2 x GDE1, GDE2, ^GDE 

§Jftx.(HlK5 0lcj;oriR$tit, *:<D'&<Dtiim 
[HK(cft^$ftSo 

[0 0 8 2] ffl*iliIB5 0f4, (ffifi^e 

^•t) MififSS llcj£«UT, SAKIU9KGDL 
^GDRco5^^>-^^>oft^$:^1-So ffiBS 
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* * ~ >?mhisfa<o-3i<omh5>fa &m2><D&m* 

ESSOIN ^^a^GDLd^c0 5o<D^aift^ 

[0083] (SJ^^tLfc^s i) im-rzft 

bc^toGDB 1 N GDB2, MGDB3fl>bvOS 
^l^ft^5 4iC^^tb5 0 miV>fYW&5 4 
hFBl. FB2,MFB3tW:aWc!)x 

DTI. DT2££tfe£-rs o 
[0 0 8 4] — WGDAlWGDA2|j:, fg 

2 otfs^t/isttiHisg 5 ei^ mmzAitmnzA2 

tt£^ffi<z>iiS£teg (1-tet>-h. Mfc-Tti) ^tr^ 

£ 0 ff#ZA2te x ^fflzK-f yhFA2m^SO 
S^tt® (i"#:fr*>. MS^-ftt) Sr^LTV^o if«Z 
AlMltaZA^Wfj:, 30^ffl«GDBl, G 

db2. wgdb 3ic&z?^s^mm<D$imtmmz- 

ftt>tiX\,^Z> 0 

[0 0 8 5] ^if^DTlWDT2^ 1f$&ZA 

>-^7ft) icg|brS^®5fefi:Blc^$tt^wSG 

D C 1 RTfG D C 2 <D&m7$s( y bFC 1 RXfF C 2 "C 

AZ2^f+*t-5o »2^)ff»^|5«[HlK5 6tt> - 
ftff tStltcSUm&Z 1MAZ 2$rfBttr 

So 

[0 0 8 6] IMAZ1WAZ2 0M1 
t)T**>^ 0 -r^t>^>. ^K^tta^ bFAl&tfF 

<DmmtfJ>'hFClRZfFC2\C®m-tZ>bZlC s & 
WSGDC1 RlfG DC2\C&oX&m£ti,tzmnZC 
Utt«ZC2^ ISIAZ 1WAZ 2\C^tL^tl 

ZfifyvM^iiATxIt @3ttefiXif*K&S 0 
[0 0 8 7] £ iblC. ife^$nfc^ai/N_b(OY*fS]tC 

^cimaz imaz 2&m3<nnnRi*mm\Bim5 
8tcm^-r-5o 

[00 8 8] bfc^oT. #Bg£gi(H]gg5 2a><btti;ft£ 



6tt. -E^tolCfB^£;fflPlgIffiAZ 1MAZ 2 ^ 

ffiAz imaz 2 ffiriaft-^M:, Y3jfa\zx>vz 

[0 0 8 9] ^^-y^V^ftlC&tt^K &i£f£S I <D 

m\zttfc-rz>&mtcrt, v^vnmrnvx^-rz/z 

noii:, iff S5 2^m^$^r < tbil !i3lc^£ 

ixfc. iSLL a iSSiLL c £ <^(D Y*ftK:fctt 
(#!;ttf. ^4 0mm) &j^*£S I tf>4g (^) 

8mm) x~fm^z^t\cx^xnbthtcmcztfc-rz> 

—fe<D®C<Dm (#Jxtf, 5fi) OIIIAZ1MAZ 

2*k m2<D^nRxfmmiB\&5 6\cmm£thZ>o ufc 
(f i fo) *mx&mmAzi&z*AZ2zmm'rz> 
[oo9o]f3 <otm&tf ig»[Hiss 5 8 >aa^ 

ESS 5 2^b^ff#S S 3Mj£^LT, feWSGDCl 
MGDC 2iCj:oTg|ffl$nfc^^^w ^ 

^^^1 — hgi$HRs) <om^(DM^&:&\cm^r^ 

^Wiffzci^r;zc2?riWc ^oS:^J-> % 

[oo9i] mm^ m 3 <Df\-^Rummmm 58^ 

IZ-ttfc-f-Z) IIlAZlMAZ2(Df^^M 

^tt, fg 3 oh-s^^sjihik 5 s «u &mfii$8 

Z C 1 Xt/Z C2i: IMAZ 1 RtfA Z 2 £ (Cg<5v> 
"t\ Ell^StifcZ-SS^ 3 2 A, 3 2 B, 

OS) Sr. !Wfc:±oT*jr*-3. fcv^ ^3cd^ 
&tfraniBlJB5 8iS. ^^*^$ttfc^Ki*(D^-^S: 
Z-I1^-3 2A, 3 2 B, RTJ3 2 ClCttiM- 

[0092] m4<D\zbAs¥<Dm&mm&. m4<om& 
frb^mg\cx<>xm<^b&x2zmwft7vy7A 

[0 0 9 3] 0 5fi N ^UC^^tLfc^p*^^^^ 
/ 4 Jffi/J^j^ UyXlPL <Dm£$m C P <D*MffiR£#© 

«i« SAn<£>5*>ge* ^/Nw^jagptcffig $ ttfc v^ < 
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[0 0 9 4] ®5\Z3^LX^Z>&5\^ 

INT &8im LT £ ^*^-WH±|CteBfc£> $ *x 

CO, *fcfcSfcj£tftW#>f 1/hFAl (^fcttFD 1) 
[0 0 3 5] JMftO*Mj^U-KBHRS03£ft«* 
FDD irtftffisK-f vhFC ltt, «tt<B*t«j:7V— h 

n £ * * ^wtDii^ii $ nunc*! ^^uv^r 

[0 0 9 6] J:DA*ttlc:ttW+*i:. ?x^w©*B 

fcWROflM&^l h«HRS(D*ffi£M\ •UlaK-YV 

h F A 1 (F A 2 ) , FC1 (FC2) . ^FDl 

(FD2) fc#jfc-t-£«ffi«&Brt"C, Sv^cfcf uiig-^ 
.Sfelc, ««<©*Jjjj^u— MfBHRScoSffi^^^^w 

So «*tf, ««co«j|b^u— bsjHRs t urn, fit 

[0 0 9 7] (V=.^7fr/\sy— WH_hcO) ^s^W**, 

fetf, *8^tftU*GDL(D*UJ#>f >-hFAl, FA 
2 ; FBI, FB2, FB3lt >> a y h«#SAlKl 

fc, ft£Mtt*GDL0ttW4t'f >-hdSgBB*ttS®JS 
LL a £<DH<DE8l£r. DLa^U MSULL 

ffl*«XS^;lfttt}*GDR<z>tfeW2K-f yh*E!S 
llJKWcSS^Tra:* DLai:DLblt DLa#DLb 

tt, At=DLa/Vw C0>) ^ilotl^o Lfctfo 
T\ lifAZ 1XI5AZ 2Sr— «P«j|C|Birt-*fci?)<0 

[0 0 9 8] ElDLaiKllDLb 



*DLbi:«fL<ftt) flBs 5 icawii- s ± 5 K IT t> 

ha z i z 2 <ottif&oiiMB*pfl jem»MMm 

[0 0 9 9] ±Jfibfc±5fc«*Sttfc»l©*ltfl|«> 
^^fc>-frt^bSS!)COf^fflSr, B6A4^L06D 

urv^BB<ofc5BlBicjfett*«^«m»GDLlcj:o 

rifcfflsnfcaMftowni^u— hgpHRscojifiii^ffico 

[0 10 0] HI 6 A/j:^L!E!6Dt£:ioV>-C, V 

h f b i -e^i^affioz*iPi^*5it5ffi:fiS:«tti-t'5 

ttB8GDBlii, ¥BBFPfc»t5!5rx/>«aifl!)Z 

s) tLTAZBi**ti*a«»*ufc&i-5. mm 

4fettrf^:'hFB2&tfFB31*9a^XS0Z^ 
lS^i3ltSffiB^»IISr«im"rS«ittiaiGDB 2Xt^G 
DB3(1, iiAZB2MAZB3^fiffltt^ 
W^-r^o l>*^*aff39«»3ilft«j{SiBBBFPJ;9 fcTK 

-cv**. x^ffl^wftMffiB f p ± n 

[0101] ^tlbORSAZB 1. AZB2, &t*A 

ZB3©«fi % H4fc*snfcfBio»M»3tt«E*iaK 

5 4^A^§tv6o »10tt*Xirattia»5 4WU - 

h««SAllJ:*3*tS3feR***tfcSP^fr<D, 0 6B 
E£9£ftfciBttBAPP (AMI*; fteS*) «r*^* 

06 BlC^tt^ci 5lC jfiiHBAPPcr) 

f tf;^iitATxT^5 0 dcoi 
TxOiHi, 1 Wt-^DT2 £ IT, $g 

2otfgcxi^i5«iiiies5 eicffl^i^tt^o z<omrnmic 

*JV^T> MiiAZflj:, ^a^b^SAKOX 
^rpJtC*3tt5 (tfttt#>r ^ h F B 2(C»jS-re) 

[0 10 2] iffiSGDBl, GDB2. STODB3 

GDAlMGDA2(j:, V h F A 1 RXJ F A 

ffli&^W— hgPH R S (O^ffiCO Z^BIS^ A Z A 1 &TJ^ 

AZA2«rmi*icifku-r« 0 mboiiAZAiM 
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tg^frSo 

[0 10 3] ^<D&mRXfmm<0\g:&. @6B|Ofjn 
?ftj£ffi®APPri^ 0 6C^$tbfc<t5*^ii 
B F P K-SrTS J: 5 K*|jE£ *tS ^ "TS t , 

J: 3fc* Z*fiiXt/^ha»*iSjk:BI«*ixSi:i-a 
SR 2 ©W-»3ltflBtt0K 5 6 tt, r^DTlM 

DT2 (S^fiAZfJ^ATx) £ , SMiisfc'f >* h F 
A 1 RIFF A 2 -vmmzmfeZtllt ZftlPlA Z A 
1, AZA2^ y h««<Otfi*aK>f ^htttWssK 
^yfFAl MFA 2 ^<DKcOX^fp)(C^Jt5 
®BD S KS-^T. «U^yhFAl"C«Bi*tl 

5^zttiiiiAZ i #astf*< :^hFA2-etft 

W$nS^#Z#@g#^AZ2££ifilf-S 0 

"T?. »*SHfczffi«B«HtAZ 1R 

x*AZ2te. -mmzm2<DftWRxmfe®i&5 she 

icsMuti:*, B4fc**tifc»3«>ini[xt«[»ia 
S6*r«Ui-afcae>te, fttusGDciftt;GDC2^5) 
Mtwa»s »*<a:«fcaiarraii[»fcH6Di!i»*tt 
^yfFciw zetpi^t^fflfitz c i £tu 

At5o — iffigGDC2ll tfettl3tf>f ^hFC2 

^zffi«»3£&*i^tti«#z c 2 SrHWrrSo 
[0105] #cv^ gs 3 oM-B&tflUblQllg 5 8 

WGDC 1 MGDC 2 ^feftJ&S*LS«W«#Z 
C1MZC2W, *ft«t. iB3ffi LTSS 2 0>»£ 

tfAZ 2^L<#S<fc 5fc> ^x/m^;^-WH^Z 

i&Hfc, 3o^Z-7^fax^3 2A, 3 2B. X 
t^3 2Cffi(DllMff»t So f&3<Df^&U^»[5] 

Kssfi, mmft»ztitzwmm\cM!&-rz>i8^*. z 

-7^faX^3 2A, 32B. M3 2C|JlMt 

So 

[0 10 6] ^^^W(D±®COv-3 y h^fijcS A 1 tt, 

Wtic io-t\ mtftiSmx, fl*M®BFPi:-s 

[0107] ^KDUffiwiici^oftSwoma^rajc. 3t 

«*J»*»W*GDLlc43»t*#*liJ«i:, B#4fcH& 



/SffiBFPtc-S:Lfc^^»^:mil^^v>^v^i:^ 

^HBjSt*fcS. 4$f-, ifelS^^aimGDL (GD 
R) (C*5it^WSGDAlMGDA2 (GDDlA 
(5GDD2) <t. g^fll^ffiSGDClMGD 

So 

[0 i 0 S] ^(Otcej, S*Hi**GDC i^tf GDj£,^ 

^^ta-rsz*rpi^4bMtsS5*fi:S^. ^wsgda 

1 (GDDl) *-tfn©JRjRK*ttfta^aZ*|«lc* 

ue«W-*J:5^bTt>J:v\ roaffitt, Mhrs 

* n#it h r s t mm<om<omm t-tz^t&xz 

So ^t&f&Zk. Z-7^fax^3 2A, 32B, R 
U*3 2CtfS. I*fiil^tU»G D C 1 Jir;G D C 2 

ic&^x&mzihfcztiLsmmfc&'i^xmshztiz t 

#So 

[0109] *mmw<Dm2<DnMm\c&t>zm&RTf 
<?;i'h±>"9-<omm&. m7Rx*m&&&mi,x 

R«t8. *2<DSOSWcHbr»:. 1 / 4 «/MS!» v 
yXSPLORWil^ttl^gMS Y3f 

mm^&\cAfi S ^ # &|gas fe S £ v > 5 S 
ttrv^So 

[0 110] 03tffiK«^*W«GDC 1 (H^fri*) 
^KJte>nr*3*), lart^SJxT^SJ:?^ 

iMtfflSGDCKl 2 0^tU2K-f ^ hFC 1 a 

jttjF c i b £{t;tT^So tkatf-r yfFcia 

FClb^ SSMfeS I £9±XYjjfa\£&\,^Xm&m 

5-o©B*fiiMftfflSGDc 2 (is^r-r) ^ 

Ktte>*L"CV>S 0 «3teffi«&/£lftffi»GDC2Wu 2o 
©1ft W*>f V h F C 2 a &U^F C 2 b £4Ix.T^So *ft 
ffl^yhFC2 aWFC2b(^ KJ^ftS I <fc t) T 
"CY^fpJ^^V^Tj^S^L L c Sr^ti: LT>Pf#(cKfi 
$^^TV^So S^>ic, jfeBB*«8XK«a*GDAl b%Wt 
*M«ffl«GDA2 (H^r) td^K^fettrv^ 
So iSfc»*.iljS»BJ8GDAlW:, eo^ttffiWvh 
FAlaROTAlbSrlitV^o tftWsK^VhFA 
la&tKFAlbli, Y^fRj^^oV^rBj^LLa^r^^ 

t \^x*tmcmm£ivx^z> 0 *b*m«bisgda 

2ri. 2oOtfcfflaK'f VhFA2 a^FA2 b 
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T!^S 0 iffl^yFFA2^FA2btt:, Y*"ft 
Ic&^TfijggL L a &*pfob 10lfMcE1E$*vO^ 

S c HOHH^ 5fe^«^«ltHS&GDDl (@^iH*) b 

v^So 5fcf^&J&&fcnSGDD 2o<o&UJ#-f>' 
hFD 1 aMFD 1 b<H|x.T^5o &ffi#-f V h F 
DlaMFDlbW;, Y^fpJtd^oV^TtiOSL L b 

fob Lxttmcm@i£inx\<^z> 0 ftm^M&mm^GD 

D2I*. 2ocr>&ffl4WhFD2 aWFD2b?rfl 
Xtv ^o ^cii W > r F D 2 a &t/F D 2 b ii, Y'JS 

So 

[0 1 1 1] 5t^^^W^§GDBn (n = l, 2, 
3) (S^itr-f) b, ffcm&M&fea^GVEn (n = 

1, 2, 3) (Ei^T) £a*> tm<b;Jx-t^ 

hFBla, FBI b ; FB2 a, F B 2 b ; F B 3 
a. FB 3 b^fflx.TV>So mi/S«GDEn 
tt. M&MO&mtf^ ^ h F E 1 a N FElb;FE2 
a, F E 2 b ; FE3a, F E 3 b £r4t;t-t^S 0 

<Dmm*&vxmvhtix\,^z> 0 

1MGDC 2<Dtffl^y HcjoV^, 5fe^S^fc 
lfiAZiMAZ2) Sr?f3rrSo ^laot, 8 

[0113] ^<DHifi«ic*5v^r, 5teR*«*j!SlfcmXG 

DL (GDR) i:Jl36&«^«ia»GDC^tt, 

O^ffl^Vh (FAnaiFAnb;FBnai;FB 
nb ; FCna^FCnb ; FDna^FDnb ; FE 
na^FEnb) Sr«iTl^5 - ir^fo, \fy^^ 

(. . . na. . . . nb) WZfifSH^ffl^ 

iittAZAU A Z A 2 ) te N t77^^ftffl 
SGDClSt;GDC2(OittiWyh (FCnaM 
FCnb) -CKTt^o 

[0114] 03 fc«Sjfrfctfetii2K>f > h F B 1 , F B 

2, XVFB3^^itttar|jlHi-r*fc»0«aSGD 
Bl, GDB2, MGDB3H 1 / 4 «/hfiJ& V 

p l oT*SPl: @£t 5 c ic i o t , SvMOffiS: 



^:^f)3o^fflsAu GDB 2 X MGDB 
3tt. ^ilCD^feU^^lRilLT. W-fyhFB 
1 , FB2, RXfF B 3 T-&A<frB£&ffi-r S J: 0 \Z& 
$rt-Z>^-bfrX*Z>« BSlC^ftfc&ffi^^hFB 

1, FB 2, XtfFB 3-C^fig^^m-fSyh*C0 3 
OGS&fctiSGDE 1, GDE2, MGDE3 0^ 

[0 115] $ BI7lC^Sttfc6 0(OSfeffljK-r ^ 

FFBnaMFBnb (n = l, 2, 3) 
*«m^S 6ocotRWSc^^Vi^-7ici8LT, ^rcrt:, 
6o(0W>fyhFEnaMFEnb (n=l, 

2, 3) tf^&f SrftfflfS 6 o^ffiScoi©^ 

[0 116]|8I1 B7-CY;fr|Rn?jLfc. S^v^x 

Sri. B7K:*£*Lfc, 6o^m^yhFBnaX 
tfFBnb (n = l, 2, 3) b, 4o^ffl^yh 
F A 1 a s FAlb, FA2aMFA2bt^l 
Tl^S 0 Lfc^oT. g]8 {C^o^S^^^WcO^^r^^ 

So lil7(DV^^f^A/&CDfirgT-X^(C:*5^T--^IJ^Sa 
■ Stlfc5O(0tttli#>fybFAla, FBna (n = 
1, 2, 3) N WFA2a^ Hl8^«bT^^^ 

~^s 0 t> 5 iocom<D^m^>( >- hfai b. FBn 

b (n=l, 2, 3) x MFA2b(j:, (@8<D«S 
Ala. FBna (n = 1 , 2, 3) , WFA2 a\C 

psut^So -^ja^ic^r. rnb i om<v®> 
[0117] H8^sttTv>sj:5^ ytm m*- 

V^if) mi^m8 0Ad^(Oli)feI LF 
^/V^y 1 y h^U— h 8 1 AlCj&f&Ztltcl OB 

^Swt^-etSo 10fi^/M!)yhfi, ?^v\y 
\Z&fe£frtc 1 0fl<Otftta#>f yhFBna, FBnb 
(n = l, 2, 3) , FA1 a, FAlb. FA2 a, 

MFA2 bic*f^b-CiaB*ttTv^So y h<D 

aia*tt, l^VX^8 2 A££3t^8 3 AirSriioT, 

suif*^)»«u^X8 4 Ai^Aft-rso ttr, sra«> 

[0118] RSnjD^X 8 0 A. -vyv^* y s/ KXu- 
K8 1A, l/yX^8 2A, Slt^8 3A, ^l^^X 
8 4 A, M/yXA8 5A(j:, ^Att3t^^Xco^ 
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B2a (t^FB2b) Xtii&iStlZ'hX V h*S& 

[01 19] •>*^w±o#«Hj^-<>'h-esit**ifc 
/h^ y y b»»*<ogit3ttt, ^yxA85B, atfeu' 

i/X8 4B, ^tt^8 3B, Atfl^XSlS 2B«rSo 
T\ Si)t^ v * h^U- h 8 1 BXwgw^iOo r 
U Xi»8 5 B, »»I/yX8 4 B, S#t^8 3 B, Xl* 

StbTV^So &J^A^* y v bXu- h 8 1 AtCgglt 

%J$<D'bxy v S5fe^y y h:XV— h8 1 Btc« 

[0 12 0] S%K|8 0 B©»[©)et»W*^ i: L 

B. R^yXA8 5Blt, ^A3t3t^-T^cD^^tii 
^W^Pjg^^y 5/ h^^h8 1 BlCfafroKiSom 

VFFB2a (4fcf4FB2b) ^6S36^y's'h^ 

[0121] B8ic*snfcjs»**s*»tt, 

*LT*5tK i7(^$tlfcl0fi^Hi^yhFEn 
a, FEnb (n=l, 2, 3) N FDla, FD2 
a. FDlb, MFD2bf, MjMSAfrfl* K4ftH 

[0122] 07 ^$nfe«fFlB-*|-(7>«im^ ^hF 
CI aWFC Xbt, WIB-*r^«ltH^>r^hFC2 
aWFC2 b irtCiibT. 0 7cOY#fp] (i8 0^i 

/ 4 |§/h&& ^ ^ P L <D X *5 5 (^fflS tc» it 



[0 12 3] *H^woat6»^^/^h 
xmw-rzo ^(d^mwk. mtf. 

3 0 0mm^>^V^^^i^^^±(7)^l^^^'i--5SSffl^^ 

>^Ttm'7— te, ix (-r^r>*>imco) S»;fc^ 

-ry>- (Dyson) ?4~7<D J V ]) 

<E«*JB3r) ) H*tt**fc*2«B<D^>f (Dy 
son) ^^^gggM^^yrA^ 
A.*:) M^:b^^/££*x-c^S 0 If! l J£B<D>?V y 
>-*-fX oSUBttlfeXtt. - 

^^!;Xi k ^7-*PMiMPM2i:, uyXiPL 

it. mmmMKi t*mx.x^z> 0 i2aio^y 

MPM4i:, U^PL2^ P0SiM'R2^*f 
*/C^3 0 ^i5^7 7^tHt (Swa 
n s ont*¥\£tt*£th±) *mftKtB5. 2 9 8. 9 
3 9-i§-i£^£;ftTV^ 0 

[0 12 4] 0 9^*ttfcT7-r^— fcL*3Vvt\ ^~y 
i>^-/u^u—ht l,xm?t>titc^x?Mb, 
«£LTI£ttk;ftfcXu-hP£te, ^y^lOO 
i-— frttl^»*tLTV^S 0 IX <£>{&*£) cDgj^ 

^lofigfi^l^ tti 9 t y r^ioo 

So 

[0 125] ^<0*4?<07?41r—m<0W&%¥*<D 
^yXA^7-PMl(DAW®^v^^M©^S 

(«^OJRIS&tf«"7 f -<^ h—>3^ («2I*) ) com 

PL2coKtn^a^*^o zvtizb, mm&m&mm 

ZtiUbl^ /yXA^7-PM1^7^M^ 
[0 12 6] CCO^®§r#^:LT, ^©fiKlC^oTfi 

is* * 4 zf<DM&ikm%kG net AR^itK jfttft g d 
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LMGDR^J5\ m 9 (C^j^fc IcX y XA ^ - p 

P £ Z jjfa&TfT'/i' blffo\ct>-rMc&W)£ltZ Zt\c 
£ «K Xu— hP<D^®£ga#^SBFPt£Xy 

[0 12 7] $P>fcl, m9\C7jk£tifc£o\^ %m*$k 

<z>«S^i*tt) /yXA^?- PM4^feBf«017— 
[0.128] Uc^oT, H9^$ttfeT7-Yi-— K 

[0 12 9] B9lz:*S*L*:r9>f"*— f±. v^^m^ 

Xu-hP£fiff2f|pjK ^Sttc) fit* 

U M3fc?f I^Ltv^^M^^l/- h P 

«r— #ttl!i»ibS*r, **-y~^X (t4bt, * 

£ tbfz-?X ? M&T/X h PSr#-r^^^r^^VXr 
9>f 08x.fi. 4#lf§¥8 - 1 6 2 4 0 1 M|fl^£ 

[0 13 0] El 0.«r*Rat"St, lf^^^^^ 

M^iitv^o !S^i2 0Afi, IS^i 

— -MB 12 1 A&tf 12 1B^ SH^Ir] (X^rlRl) id 
&Kf5J:5^ B£^l2 0A^flS«l^ 

ftTV^o ^JX^Mrt*. Agfll 2 1 A<Df*3 

«^HWbftTV^-5 0 — X^FP#, 
^91 2 1 B<0rt«teime>;h/Cv*a o *<Dtctb. m 
ntt»lM b*yu—J^Ui 2 1 Afc«jSS*i/cv^s. * 
>T K7U-A»i 2 1 AcorcoMPSBlcri, JSW^^y. 
h 1 2 2<D»«d5H*iO<t 5lcifA**bTV^5 0 Hf*^ 



* * £ X h t <DT gA| v h Srff 5 3fe^SS «:« ;LT 

[0131] Fx— 12 3^, ^ — A 

9121A^121 B^OPflT^^ — ^X^fp) (Y# 
fR)) ICttfinipIC H^—^l 2 OAK^ttbtb 
T^5o 2 0(DXofC4M Kl/-;H 2 3 ARTfl 

2 3B^ ^v^^c^^T7iY^fp]^c:#si-5<t ^ 

K^-^Sl 2 3tCffM£*bT^6 0 ilt^rtyy^ 

12 5^ Y*rS)^aa»lb-et4J:5^ W 

/H 2 3 A&tf 12 3 b±~c\ a&fMr y y^sis 

y^l2 5tt, ¥^^Ee*tt^2oy =T*~ * — 1 
2 4AM1 2 4 BiC±oT*S««;|CY*[RllCjB»S 
*X3 0 y^-^-12 4AMl2 4B(t 
^-*gffl 2 3(c@S*ttfc@^Sr^^rv>-5 0 
[0 13 2] ggg#^r-V V 2 5 J*, ^^^ftl^r^ 

y S>i?S&l 2 5A^1/- hffill^r^y y^SB 1 25Bi 
^fitV^o ^**flJ3r-Y y 2 5 Af*. ^J* 

fMfrfeft-rZt^b^-J K7l/-A»l 2 1 AO^ffiO 

125B(i, XU-hP^^i-^fc^tCi^-f K7W 

Ag&i 2 i B<^rt{lllxmti:^^p]^c:^^^^Tv^a 0 

X/W 2 6Ad\ -v^^fiil^^y y^Sl 2 5 A 

MSr^L*^^, XY5pffi-ex*iRj*fcttYJ6riRifc-r 

^^MSrt>rd^»^u *>sv^ lute (e) 

i/-h^r^l2 6B^ Xu— hfflO^^ y yiTOl 

2 5 BtC^tt^tL-CV^^o Xl/— h^f-^ 1 2 6 B 
W:> Xu— hPS:«i*L35:dse>, XY?ffi-ex*fp]tfc 
»Y^fpj(cXw— hPtrbT^Kin^U feav^^ > 0 
te (0) ^fRj^Xu—hP^r^^cib^m^^-ct 
^>o ^ ^^r-/;H2 6A^ XL— hPSr 

[0 13 3] _B£Lfc#M¥8- 1 6 2 4 0 1 MH§^:£ 

ffif^ti/^. *ag**3RPL», («*. 
ri, 7®o) rix am) j iesi^^^xoxx/^ 

(Dyson) ^Sr, X*|pJJCj|[Sf-r6*fi]^K 
-TV^ (Dyson) >VXrtX-ff«JCjB 

SfmPLIl S#lR]Ufc^ K7U-A»1 2 1 A 
^T/i 2 l B©±««»d»&aTi-*^i»cJ:o-c»0 
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[0 13 4] S9(C^^^T^fc9iC N »J»*^*P 
DC . GDL' , MGDR' ^M(Cffii"S J: 

|£W^GDC, GDL, WGDR^/^ hPlCffif 
fflSGDL, GDL' , GDR, MGDR' lUot 

(Dyson) *©saja»^-srra ± 5 fcR«r* 
[0135] Bui*, 01 o z thtzmeyt^ p 

DC . GDL' , MGDR' <D#ltii&<D l"f 7 & h 

<D—m<D$mmx~3bz> 0 aaa^^yy (d y 

son) *©^T3!lft»jKa»D Fl, DF2, DF3, 

DF4. DF5 rau ^*-r-^*iRiicaBJs 

So ^«»<D«*«»D F n (n=l. 2. 3 • • •) 
14. #IWt5»0^^yy (Dyson) SO 

[0 13 6] ^ Mil^^lt f>iXtSf WD F n (Z) 

mmhmx^x 5k:e«£*vc^5 0 m*.^ mi i 

(Dyson) ^£<fc oT®^£*LT^S 0 ^%9?D 
F4f^ 2oOBlffiftMR4 a2W«MR4bSrttP^ 

/W*Vy>- (Dyson) o -cwjEStt-cv^o 

[0 13 7] 01 1 \£^£thtz£?K^ ftK*4k£ttti] 
SGDL' ffi^MGDAl' , GDB 1' GDB 
2* • • \ GDA2' (GDA2 * te0 1 1 
TV^ftV^ »l^ffl«GDR' ffi^BSG 
DDI* , GDE1' GD E 2 * • • GDD 2 ' 

(GDD 2 1 r*Bl IfciSSiVC^ft^) <b2$, ^gtcD 

RtmzW) KEKSivO^S. *fc, MftttLmM&Wi 
WSgGDCl' &tfGDC2' (tft(it»GDC2' (4, 

4^7W mm <0p5fflfcE«$;hTV^ o 
[0 13 8] ±3SL^^WSg<D#^«: % CfSx.fi, £ 
^ 7<D&n$\** y Xir t &o 

&yt?^y<DM&8im!&t-rz>zb hx$z> 0 ^*?m 

ic. mmc, M»GDC, GDL, &i;gdri: 
EB£;ftTV>S 0 



[0139] mm&CDj^^^ y V (Dyson) S 

m<DVLm&. **Wft«rttBI«K:j:o-CHl i«>2*ift 
«c*5V^xae«bfc*fotf, Z*ft#g£fi®1-5««, 

[0 14 0] *K^*S«r3fc^«l 
otzjfp) eX¥Alcmt SUM* t i"-5 ^ fc # 

[0141] mc, *mmmtcfrfrt>zm4<DmMffl 

H12Sr#ILTKWt5 0 

[0142] spifift T® P e t iQ«o±ffi 4: SrffifcfcjE 
SK^X^PLoSfcH^SftTv^So ccoiEW^X 

fSfrLQoatKDSL^ 5 . */MSRftlc:*o-cv^ 
So iSfrLQlCg$tt/cS^U-^X^PLC0lxVX^W 

WSGDL G DR^ *3fe*t««^«U* GDC<b^ 

[0 14 3] XffiR9IKiJ:or!>ai/NW(oXBifr9l#o 
R9IB91 1 3tt, *ROH»«rtt07^WBJS:fll*.-CVv 

14, ^x/N^^WH(Z)f 1 1 2lcSiiLTV^o fl 5 
[0 144] ro^&Wcio^T, gJ^V^VX^PLCO 
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HRsco±ci) kvmvfflm^Bkfttemhmm) . -r 

imftm*i&f&£ti2>Wifti,Q<Dm£n. 5m 

<DW£ (5mm£fcft^*l,^T) X 9 fc 2 fflFfc^ bf£f& 
mm/j:^l2 5mmtiot^5 0 Lfc^oT, ^ COH 

&Gfflcfet v-c ft, Sj^ u- >'X^ PL©y-^f-i^ 

* V* (C^t/S-T 5 *Sfcft»Kl*3 1* 5 L Q $ 
#LQ<D^«tt±0/h$<fc!K Mt [LQ] <0*aft 
[0 14 5] SJg*»^**ixS««:LQO««lC*5 

So 

[0 14 6] «jS*B*GDL, GDR, MGDCI: 

L Q b&&b <Dm<oftm&&&rz<D$:®jik Ltv^. 
[0 14 7] Hi 3ft, SJRuV'X^PLOttiefcBBi* 

012 tc&ztntmtimmbm \^&&mmtz. mz&m 

[0 14 8] Bl 3Sr#fii-r5^> ^7^yny^« 
&£tlfZZfV XA^7- 2 0 0*^ SS^^PL© 

V^£ 0 ^yXA^7-2 00lt Stt®2 00 a^T^2 
0 0 bSrflxT^So Sit® 2 0 0 a&t*2 0 0 h<D— 
«#LQfc«$;h/r^5o yyXA^7-2 0 0 
ft, 2 0 0 c &t*2 0 0 d £rfl;tT^£ 0 

&J^£*lS^— A^KJW^ftStf— Aft, 5pSLS2 0 0 
cW2 0 0 dS:ioT, 7 > !iXA>7-200^7 



[0149] -^A^* V y hyis— b 2 0 5 » y = >>x 
yf- uyX* t fj:R W uyX 2 0 3 Lt , 3§ft 
#4*—Y (LED) ^U— r-^-f^- K (LD) 0> 
£5 #3*39 2 0 2i>*b<D (^3i^W_h<7)U^ hfd^b 

t^s 0 mtcfcor, ^/^vv-h&ffiJBco^e- 

mm f An&i;F b ni^tsift^ais^ y y 
h^, v/pf^ y ^ hyu- h 2 o 5 ic^^tirvN 

So ^SiS^y y >^&o*9ii, 

[0150] »^>X2 o 9a>&wfcjsffctr— Aj*. 

XyXA> 7-2 0 0CD_h$8®£iioT:/y XA^ y — 
200KA9, Rltffi200 a\c£*z>xmm(D£o\£R 
ttU ^mmi 0 0 c «r5BoT«ft:LQ|cA9> **>^ 

>Pj"{RlJ<7)^m®2 0 0 d ^riloT^y XA^7-2 0 0 f£ 
A9, M®2 0 0 btC£oXmm<D£?\C&M£}h, 

xyxA^7-2 o oojiigs^iior^y xa> 7— 

2 0 0^btliTittPo r<DR4t$tbfe*tr— Att. 
^X2 1 lSriiiSU »»uyX2 1 1 0>lf ?Ltt1Kl£ 
Ba«$*bfcR£tS7— 2 1 3{cJ:orStt$HSo 
[0151] RSt^ — 2 1 3 (c J: o T£Ot £ ft fc tf — 
Aft, ^fti/yX2 1 i&»oTg»*iR]fc:i!*. S 

U\ XyXA^7-2 00^ltS2 00 bi:¥tffi2 
0 0d£rj&Tii^ Btf ^✓NWSrRfc-i'o !)x^WC 
J:orm*Rit*ftfc3fc^— a«\ 7 p yXA^7-20 

0 (D^mm 200c ^sit® 2 0 0 a £ &&-cit3K ^ 

— A^^y 2 0 7S:iiiSLr, 3t«^fflS2 1 5 
fcA^So 3ttftWS2 1 5ft, ^vi^f^y y b^l^ 
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J, Title of Invention 

FOCUSING AND TILTING ADJUSTMENT SYSTEM 
FOR LITHOGRAPHY ALIGNER, 
MANUFACTURING APPARATUS OR INSPECTION APPARATUS 

1. Claims 

1. A scanning exposure apparatus comprising: 

(a) an imaging system for projecting an image 
of a pattern of a mask onto a substrate at an 
imaging field; 

(b) a scanning mechanism for moving the mask 
and the substrate in a scanning direction relative . 
to said imaging system? 

(c) an adjusting system for adjusting a focus 
of the projected image on the substrate; 

(d) a first detection system having a 
detection area at a first position located outside 
the imaging field of said imaging system and 
spaced apart from the imaging field in the • 
scanning direction, said first detection system 1 " 
detecting the position of a principal surface of 
the substrate in a Z-direction; 

(e) a second detection system having a 
detection area at a second position located 
outside the imaging field of said imaging system 
and spaced apart from said first position in a 
direction intersecting the scanning direction, 
said second detection system detecting the 
position of the principal surface of the substrate 
in the Z-direction ; 

(f) a third detection system having a 
detection area at a third position located outside 
the imaging field of said imaging system, spaced 
apart from the imaging field in a direction 
intersecting the scanning direction and also 
spaced apart from said second position in the 
scanning direction, said third detection system 
detecting the position of the principal surface of 
the substrate in the Z-direction; 

(g> a calculator coupled to said first and 
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sed^^P detection systems and calculating 
deviation between the first Z-position detected by 
said first detection system and a target 2- 
position and storing the second Z-position 
detected by. said second detection system at the 
time of detection by said first detection system; 
and 

(h) a controller coupled to said adjusting 
system and to said calculator and to sziid third 
detection system and controlling said adjusting 
system on the basis of the calculated deviation, 
the stored second Z-position and the third Z- 
position detected by said third detection system 
when the area on the substrate corresponding to 
the detection area of said first detection system 
is positioned in the imaging field of said imaging 
system by movement of said scanning mechanism. 

2. An exposure apparatus according to Claim 1, 
wherein said scanning mechanism includes a mask stage 
for holding the mask, a substrate stage for holding the 
substrate, and a synchronizing drive system for moving 
said mask stage and said substrate stage at a speed 
ratio corresponding to a projection magnification of 
said imaging system. 

3. An exposure apparatus according to. Claim 2, 
wherein said substrate stage includes an attraction 
portion for attracting a reverse surface of the 
substrate, and an auxiliary plate portion surrounding 
the substrate at a height approximately equal to the 
principal surface of the substrate when the substrate 
is supported on said attraction portion. 

4. An exposure apparatus according to Claim 3, 
wherein said second detection system and said third 

2 
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detecti^^P/stem are arranged to detect the po 
a surface of said auxiliary plate portion in the Z- 
direction by at least one of the detection areas when a 
shot area of the substrate to be exposed by the pattern 
of the mask is at a peripheral portion of the 
substrate. 

5. An exposure apparatus according to Claim 4, 

CCt^U O a. J-^j. w^ww*.*^ w — --^- — — 

systems generates a Z-direction positional error value 
of one of the principal surface of the substrate and 
the auxiliary plate portion relative to' predetermined 
reference Z-positions with respect to said first, 
second and third detection sys terns - 

6. An exposure apparatus according to Claim. 5', 
wherein, if the predetermined reference Z-positions 
with respect to said first, second and third detection 
systems differ from each other, the differences between 
the reference Z-positions are detected by a 
calibration. 

7. An exposure apparatus according to Claim 4, 
wherein, if the scanning direction of the substrate is 
a Y-direction and if a direction perpendicular to each 
of the Y-direction and the Z-direction is an X- 
direction, said first detection system includes a first 
focus detector of a multi-point type having a plurality 
of detection areas in a row along the K-cireccion on 
the substrate over a range of a size of the imaging 
field of said imaging system in the X-direction. 

8. An exposure apparatus according to Claim 7, 
wherein said second detection system includes a 
plurality of second focus detectors having detection 
areas on opposite sides of the row of the plurality of 

3 
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decect i<^^^reas of said multi-point focus dete 
the X-direction, each of said second focus detectors 
separately detecting the Z-direction position of the 
principal surface of one of the substrate and the 
auxiliary plate portion at each of the detection areas. 

9. An exposure apparatus according to Claim 8, 
wherein said third detection system includes a 
plurality of third focus detectors on the opposite 
sides of the imaging field of said imaging system in 
the X-direction, each of said third focus detectors 
separately detecting the Z-direction position of the 

' principal surface of one of the substrate and the 
auxiliary plate portion at each of the detection areas. 

10. A projection exposure apparatus comprising: 

(a) an imaging system for projecting an image 
of a mask pattern onto a substrate at a projection 
field; 

(b) a movable stage mechanism for moving in 
intersecting X and Y directions to position the 
substrate with respect to the image of the 
projected mask pattern; 

(c) an adjusting mechanism for adjusting a 
focus of the projected mask pattern image on the 
substrate ; 

d) a first detection system having a 
detection area at a first position located outside 
the projection field of said imaging system and 
spaced apart from the projection field in the Y 
direction, said first detection system deteccing 
the position of a principal surface of the 
substrate in a 2 direction; 

( e ) a second detection system having a 
detection area at a second position located 
outside the projection field of said imaging 

4 
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sy^^^ and spaced apart from said first p<^^.on 
in the X direction, said second detection system 
detecting the position of the principal surface of 
the substrate in the 2 direction- 
al a third detection system having a 
detection area at a third position located outside 
the projection field of said imaging system, 
spaced apart from the projection field in the X 
direction and also spaced apart frcm said second 
position in the Y direction, said third detection 
system detecting the position of the principal . 
surface of the substrate in the Z direction; 

(g) a calculator coupled to said first and 
second detection systems, and calculating a 
deviation between the first Z-position detected by 
said first detection system and a target Z- 
position and for storing the second Z-position 
detected by said second detection system at the 
time of detection made by said first detection 
system; and 

^£ ,(h) a controller coupled to said adjusting 
V^yste^S^nd said calculator and said third 
detection system, and controlling said adjusting 
mechanism on the basis of the calculated - 
deviation, the stored second Z-position and the 
third Z-po3ition detected by said third detection 
system when the area on the substrate 
corresponding to the detection area of said first 
detection system is positioned in the projection 
field of said imaging system by said movable stage 
mechanism . 

11. An exposure apparatus according to Claim 10, 
wherein said first detection system includes a 
plurality of first focus detectors having a plurality 
of detection areas in a row along the X direction in a 
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ingto a size of the projection fi> 




f 



said imaging system in the X direction, each of said 
first focus detectors separately detecting the 2- 
position of the principal surface of the substrate at 
each of the detection areas. 

12. An exposure apparatus according to Claim 11, 
wherein said second detection system includes two 
second focus detecucrs having two de 

placed on opposite sides of the row of the plurality of 
detection areas of said first detection system, each of 
said second focus detectors separately detecting the Z~ 
position of the principal surface of the substrate at 
each of the two detection areas. 

13- An exposure apparatus according to Claim 12, 
wherein said third detection system includes two third 
focus detectors placed on opposite sides of the 
projection field of said imaging system in the X 
direction, each of said third focus detectors 
separately detecting the Z-position of the principal 
surface of the substrate at each of the two detection 
areas . 

14. An exposure apparatus according to Claim 13, 
wherein said movable stage mechanism includes a mount 
portion for attracting a reverse surface of the 
substrate and an auxiliary plate portion which 
surrounds the substrate at a height substantially equal 
to the principal surface of the substrate when the 
substrate is supported on said mount portion, a surface 
of said auxiliary plate being detected by one of said 
two second focus detectors and one of said two third 
focus detectors. 

15. A scanning exposure method in which a pattern 
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of a ma^^s transferred onto a sensitive subs^^e by 
projecting a part of the mask pattern on the sensitive 
substrate through a projection system and by moving the 
mask and the sensitive substrate relative to a 
projection field of the projection system, the method 
comprising the steps of: 

(a) mounting the sensitive substrate on a 
holder having an auxiliary plate portion 

• surrounding the sensitive substrate at a height 
substantially equal to a height of a principal 
surface of the sensitive substrate; 

(b) reading a focus error of an exposure area 
of the sensitive substrate on which area a part of 
the mask pattern is to be projected, the focus 
error of the exposure area being read before the 

. exposure area reaches the projection field of the 
projection system during scanning movement of the 
holder and the sensitive substrate; 

(c) detecting a focus error of the principal 
surface of a part of one of the sensitive 
substrate and the auxiliary plate portion by an 
exposure position focus detection system disposed 
apart from the projection field of the projection 
system in a direction perpendicular to the 
direction of said scanning movement when the 
exposure area on the sensitive substrate reaches 
the projection field; and 

(d) adjusting the focus between the 
projection system and the sensitive substrate on 
the basis of the focus errors detected by said 
steps (b) and (c) so that the focus error of the 
exposure area on the sensitive substrate is 
corrected in the projection field of the 
projection system. 

16. A method according to Claim 15, applied to a 
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proj ect^^^ligner having a projection system h^^^g an 
effective working distance to the principal surface of 
the substrate of 20 mm or less. 



17. A method according to Claim 15, applied to an 
immersion projection exposure apparatus in which a 

space containing a projection optical path between the 
sensitive substrate and a transparent optical element 
disposed at an image plane sice of the crojsction 
optical system is liquid filled. 

18. A method according to Claim 17, wherein the 
projection optical system has a working distance such 
that the thickness of the liquid between the sensitive 
substrate and the transparent optical element of said 
projection optical system is 2 mm or less. 

19. A method according to Claim 15, applied to a 
scanning exposure apparatus having a catadioptric 
projection system having a refractive optical material 
and a reflecting optical material, and in which a 
transparent optical element is disposed at an image 
plane side. 

20. A method according to Claim 19, wherein the 
transparent optical element disposed at the image plane 
side is a prism mirror having an emergent surface 
substantially parallel to the principal surface of the 
sensitive substrate . 

21. A focusing apparatus provided in an apparatus 
having an objective optical system to control focusing 
between a surface of a workpiece and the objective 
optical system, said focusing apparatus comprising: 

(a) a first detection system having a 
detection area at a first position located outside 
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a fie^^^ said objective optical system, sa 
first detection system detecting a position of the 
surface of the workpiece in the focusing 
direction; 

(b) a second detection system having a 
detection area at a second position located 
outside the field of said objective optical system 
and spaced apart from said first position, said 
second detection system detecting the position of 
the surface of the workpiece in the focusing 
direction; 

(c) a third detection system having a 
detection area at a third position located outside 
the -field of said objective optical system and 
spaced apart from each of said first and second 
positions, said third detection system detecting 
the position of the surface of the workpiece in 
the focusing direction; 

(d) a calculator coupled to said first and 
second detection systems, and calculating a 
deviation between the first focus position 
detected by said first detection system and a 
target focus position and for storing the second 
focus position detected by said second detection 
system at the time of detection made by said first 
detection system; and 

(e) a controller coupled to said calculator 
and to said third detection system, and 
controlling focusing of the objective optical 
system on the surface of the workpiece cn the 
basis of the calculated deviation, the stored 
second focus position and the third focus position 
detected by said third detection system when the 
area on the workpiece corresponding to the 
detection area of said first detection system is 
positioned in the field of said objective optical 

1 
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by relative movement of the 



workpi< 
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Che objective optical system. 

22. A method of controlling focusing of an 
objective optical system onto a surface of a workpiece 
when the workpiece and a field of the objective optical 
system are moved relative to each other in X and Y 
directions, said method comprising the steps of: 

(a) mounting the workpiece on a holder having 
an auxiliary plate portion surrounding the 
workpiece at a height substantially equal to a 
height of the surface of the workpiece; 

(b) reading a focus error of a predetermined 
local portion of the surface of the workpiece 
before the local portion of the workpiece reaches 
the field of the objective optical system during 
movement of said holder and the workpiece in a 
predetermined moving direction; 

(c) detecting a . focus error of the surface of 
a part of one of the workpiece and the auxiliary 
plate portion by a first focus detection system 
disposed apart from the field of the objective 
optical system in a direction perpendicular to the 
moving direction when the local portion of the 
workpiece reaches the field; and 

(d) controlling the focusing between the 
objective optical system and the workpiece on the 
basis of the focus errors detected by said steps 

(b) and (c) so that the focus error of the local 
portion of the workpiece is corrected in the field 
of the objective optical system. 

23. A method according to Claim 22 , applied to at 
least one of a manufacturing instrument, a lithography 
exposure apparatus, a writing apparatus and an 
inspection apparatus having a small effective working 
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ch that a detecting beam of an obli! 




incident light type focus detector cannot be obliquely- 
led to the surface of the workpiece immediately below 
the objective optical system. 

24. A projection exposure apparatus for 



substrate through an optical imaging system and a 
liquid in a space between the substrate and the imaging 
system, said apparatus comprising: 

an assembly holding a plurality of optical 
elements of said imaging system, wherein at least: 
an end portion of said assembly is immersed in 
said liquid; and 

a distal optical element mounted at the end 
portion of said assembly and having a distal 
surface which confronts the substrate and contacts 
said liquid; 

wherein the distal surface of said distal 
optical element and a surface of the end portion 
of said assembly are substantially flush to each 
other, thereby suppressing disturbance of flowing 
of said liquid. 

25 . A method for fabricating, a feature on a 
semiconductor wafer, employing a projection system, 
comprising the steps of: 

(a) mounting the semiconductor wafer on a 
holder having a wall portion vertically provided 
at a peripheral portion to form a liquid layer on 
the wafer for achieving an immersed condition 
between a surface of the wafer and said projection 
system; 

(b) scanning said holder along an image plane 
of said projection system to perform a scan- 
exposure by projecting a feature pattern image 



projecting a mask pattern image onto a sensitive 
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onto the wafer through said project^^^ystera and 

said liquid layer; and 




(c) correcting, during said scanning seep, at 
least one o£ focus and tilt error between the 
surface of the wafer and the image plane of said 
projection system by using a focus detecting 
system which has a plurality of focus detection 
points disposed outside an image field of said 
projection system. 



26. The method of Claim 25, wherein the 
projection system has a resolution less than 0.5 
micrometers 



27. A scanning exposure method to transfer a pattern of a mask onto a substrate through a 



providing a first detection system having a first detection area located outside a imaging 
field of the imaging system and spaced apart from the imaging field in a scanning 
direction, said first detection system detecting the position of a surface of the substrate in a 
optical axis direction of the imaging system; 

providing a second detection system having a second detection area located outside a 
imaging field of the imaging system and spaced apart from the first detection area in a 
direction intersecting the scanning direction, said second detection system detecting the. 
position of the surface of the substrate in the optical axis direction; 

providing a third detection system having a third detection area located outside a 
imaging field of the imaging system and spaced apart from the imaging field in a direction 
intersecting the scanning direction and also spaced apart from the second detection area in 
the scanning direction, said third detection system detecting a deviation between the 
position of the surface of the substrate and a target position in the optical axis direction; 

determining the target position of the third detection system based on the result of 
detection of the first and second detection system during an exposure of the substrate ; and 

adjusting a positional relationship between the surface of the substrate and a imaging 
plane of the imaging system based on the result of detection of the first, second and third 
detection system during the exposure of the substrate. 



imaging system, the method comprising the steps of: 
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3. Detailed d^Biptlon ot Invention 



BACKGROUND OF THE I NVENT X QN 
Field of Che Invention 

The present invention relates to semiconductor 
fabrication and more particularly to a lithography 

exposure apparatus (aligner) for transferring a circuit 
pattern from a mask: or a reticle onto a sensitive 
substrate . 

The present invention also" relates to a system for 
detecting a focal point on a workpiece (wafer , substrate 
or plate etc.) and for detecting a tilt of the 
workpiece, which is applicable to certain kinds of 
apparatus such as an .apparatus for manufacturing a 
workpiece or imaging a desired pattern in a surface of 
a workpiece using a laser or electron beam and an 
apparatus for optically inspecting the state of a 
surface of a workpiece . 

Description of the Related Art 

Recently, dynamic random access memory 
semiconductor chips (DRAMs) having an integration 
density of 64 Mb its have been mass-produced by 
semiconductor fabrication techniques. Such chips are 
manufactured by exposing a semiconductor wafer to 
images "of circuit patterns to form e.g. ten or more 
layers of circuit patterns in a superposition manner. 

Presently, lithography apparatuses used for such 
chip fabrication are projection aligners in which a 
circuit pattern drawn in a chromium layer on a reticle 
(mask plate) is transferred onto a resist layer on a 
wafer surface through a 1/4 or 1/5 reduction optical 
imaging system by irradiating the reticle with i-line 
radiation (wavelength.: 365 nm) of a mercury discharge 
lamp or pulse light having a wavelength of 24 8 nm from 

I2> 
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a KrF ex ^V r laser - 

Projection exposure apparatuses (projection' 
aligners) used for this purpose are generally grouped, 
according to the types of imaging optical system, into 
those using a step-and-repeat system, i.e., so-called 
steppers, and those using a step-and- scan system which 
has attracted attention in recent years. 

in the step-and-repeat system, a process is 
repeated in which, each time a wafer is moved to a • 
certain extent in a stepping manner, a pattern image on 
a reticle is projected on a part of the wafer by using 
a reduction projection lens system formed only of a 
refractive optical material (lens element) and having a 
circular image field or an unit magnification 
projection lens system formed of a refractive optical 
material- (lens element), a prism mirror and a concave 
mirror and having a noncircular image field to expose a 
shot area on the wafer or plate to the pattern image. 

In the step-and- scan system, a wafer is exposed to 
an image of a portion of a circuit pattern on a reticle 
(for example, in the form of a circular-arc slit) which 
is projected on the wafer through a projection optical 
system. Simultaneously, the reticle and the wafer are 
continuously moved at constant speeds at a speed ratio 
according to the projection magnification, thus 
exposing one shot area on the wafer to the image of the 
entire circuit pattern on the reticle in a scanning 
manner . 

For. example, as described on pp 255 to 2S9 of S?I2 
Vol. 922 Optical/Laser Microlithography (1988), the 
step-and- scan system is arranged so that, after one 
shot area on the wafer has been scanned and exposed, 
the wafer is moved one step for exposure of an adjacent 
shot area, and so that the effective image field of the 
projection optical system is limited to a circular-arc 
slit. Also, the projection optical system is 
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considerate be a combination of a plurality o( 
refractive optical elements and a plurality of 
reflecting optical "elements, such as one disclosed in 
U.S. Patent 4,747,678 (to Shaf er) . 

U.S. Patent 5,194,839 (to Nishi) discloses an 
example of an aligner in which a step -and -scan system 
is realized by mounting a stepper reduction projection 
lens having a circular image field. This publication 
also discloses a method in which a pattern image 
projected at the time of scanning exposure is 
transferred onto a wafer by increasing the depth of 
focus (DOF) by a predetermined amount on the wafer. 

In the field of lithography technology, it is now 
desirable to be able to fabricate semiconductor memory 
chips having an integration density and fineness, of the 
X or 4 Gbit class by light exposure. Since light 
exposure techniques have a long technological history 
and are based on a large amount of accumulated Jcnow- 
how, it is convenient to continue use of light exposure 
techniques. It is also advantageous to use light 
exposure techniques considering drawbacks of 
alternative electron beam exposure or X-ray 

technologies. 

It is believed that resolutions in terms of 
minimum line width (feature width) of about 0.18 jun and 
0.13 /im are required with respect to 1 Gbit and 4 Gbit 
memory chips, respectively. To achieve resolution of 
such a line width, far ultraviolet rays having a 
wavelength of 200 nm or shorter, e.g., those produced 
by an ArF excimer laser, are used for illumination for 
irradiating the reticle pattern. 

As optical vitreous materials having a suitable 
transmittance with respect to far ultraviolet rays 
(having a wave-length of 400 nm or shorter) , quartz 
(SiO,) , fluorice CaF>, lithium fluoride (L v F a ) , magnesium 
fluoride (MgF 3 > and so on are generally known. .Quartz 
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and fli^J^e are optical vitreous materials 
indispensable for forming a projection optical system 
having high resolution in the range of far ultraviolet 
rays. 

However, it is necessary to consider the fact 
that, if the numerical aperture (NA) of a projection 
optical system is increased to attain high resolution 
while the field size is increased, the diameter of lens 
elements mads of cjuartz or f luorite bscomes so large 
that it is difficult to manufacture such lens elements. 

Also, if the numerical aperture (NA) of the 
projection optical system is increased, the depth of 
focus (DOF) AF is inevitably reduced. .In general, the 
depth of focus aF is defined by wavelength, numerical 
aperture NA, a process coefficient Kf (0 < Xf < 1) as 
shown below if the Rayleigh's theory of imaging 
formation is applied: 

&F - Kf«(X/NA z ) 

Accordingly, the depth of focus aF in the 
atmosphere (air) is about 0.240 /im if the wavelength is 
193 nm, that is, equal to that of ArF excimer laser 
light, the numerical aperture NA is set to about 0.75 
and the process coefficient Kf is 0.7. In this case, 
the theoretical resolution (minimum line width) aR is 
expressed by the following equation using process 
coefficient Kr (0 < Kr < 1) : 

&R . « Kr* (X/NA) 

Accordingly, under the above-mentioned conditions, 
the resolution aR is about 0.154 pm. if the process 
coefficient Kr is 0.6. 

As described above, while it is necessary to 
increase the numerical aperture of the projection 
optical system in order to improve the resolution, it 
is important to notice that the depth of focus 
decreases abruptly if the numerical aperture is 
increased. If the depth of focus is small, there is a 
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need to ^^ove the accuracy, reproducibility ^ 
stability with which an automatic focusing system for 
coincidence between the best imaging plane of the 
projection optical system and the resist layer surface 
on the wafer is controlled. 

On the other hand, considering the projection 
optical system from the standpoint of design and 
manufacturing, a configuration is possible in which the 
numerical aperture is increased without increasing the 
field size. However, if the numerical aperture is set 
to a substantially larger value, the diameter of lens 
elements is so large that it is difficult to form and 
work the optical vitreous material (e.g. quartz and 
fluorite) . 

Then, as a means for improving the resolution 
without largely increasing the numerical aperture of" 
the projection optical system, an immersion projection 
method may be used in which the space between the wafer 
and the projection optical system is filled with a 
liquid, see U.S. Patent 4,346,164 (to Tabarelli) - 

in this immersion projection method, the air space 
between the wafer and the optical element constituting 
the projection optical syscem on the projection end 
side (image plane side) is filled with a liquid having 
a refractive index close to the refractive index or the 
photoresist layer, to increase the effective numerical 
aperture of the projection optical system seen from the 
wafer side, i.e. improving the resolution. This 
immersion projection method is expected to attain good 
imaging performance by selecting the liquid used. 

Projection aligners as presently known generally 
are provided with an automatic focusing (AF) system for 
precisely controlling the relative positions of the 
wafer and the projection optical system so that the 
wafer surface coincides with the optimum imaging plane 
(reticle conjugate plane) of the projection optical 

n 
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system. 




s AF system includes a surface pos 




detection sensor for detecting a change in the height 



a non-contact manner, and a Z-adjustment mechanism for 
adjusting the spacing between the projection optical 
system and the wafer on the basis of the detected 
change , 

Also in projection aligners presently used an 

*- - — ~ 1 ^ ^ o «*n -v- -a i -r- m i r-7— <^»rT»^=> hor J- im<i concnr ncoH ^ <x 
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the surface position detection sensor, and a holder 
(and a Z- stage) for supporting the wafer, provided as 
the Z-adjustment mechanism, is moved vertically to 
sub -micron accuracy. 

If such an AF system is provided in an aligner to 
which the immersion projection method is applied, it is- 
natural that an air micrometer type sensor cannot he- 
used and an optical sensor is exclusively used since 
the wafer is held in a liquid- In such a case, an 
optical focus sensor, such as one disclosed in U.S. 
Patent 4,650,983 (to Suwa) , for example, is constructed 
so that a measuring beam (an imaging beam of a slit 
image) is obliquely projected into the projection field 
on the wafer and so that the beam reflected by the 
wafer surface is received by a photoelectric detector 
through a light receiving slit. The change in the 
height position of the wafer surface, i.e., the amount 
of focus error, is detected from a change in the 
position of the reflected beam occurring at the light 
receiving slit. 

If an oblique incident light type focus sensor 
such as the one disclosed in U.S. Patent 4,650,983 is 
directly mounted in a projection aligner in which the 
conventional projection optical system having a working 
distance of 10 to 20 mm is immersed in a liquid, a 
problem described below arises.. In such a case, it is 
necessary to set in the liquid the optical system of 



position (2-direction position) of the wafer surface in 
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the proj^^^d beam emitted from a projecting ofc^^^ive 
lens of the focus sensor to reach the projection field 
of the projection optical system on the wafer and the 
optical system of the reflected beam reflected by the 
wafer to reach a light receiving objective lens. 

Therefore, the beam of the focus sensor travels 
through a long distance in the liquid, so that unless 
the temperature distribution in the liquid is 
stabilized with high accuracy, the projected beam and 
the received beam fluctuate by a change in refractive 
index due to a temperature nonuniformity , resulting in 
deterioration in the accuracy of focus detection 
(detection of the height position of the wafer 
surface) . 

Moreover, to achieve a resolution of 0.15 Xm or 
. less by the immersion projection method, it is 
necessary to set the working distance of the projection 
optical system to a sufficiently small value, as 
mentioned above. Therefore, oblique projection itself 
of the projected beam of the oblique incident light 
type focus sensor from the space between the projection 
optical system and the wafer toward the projection area 
on the wafer becomes difficult to perform. For this 
reason, one important question arises as to how an 
automatic focusing system applicable to the immersion 
projection method is arranged. 

On the other hand, aligners {exposure apparatus) 
having an unit magnification type (hereinafter 
described as "IX") projection optical systems are being 
used in the field of manufacturing liquid crystal 
display devices (flat panel displays) as well as in the 
field of manufacturing semiconductor devices. 
Recently, for this kind of aligner, a system has been 
proposed in which a plurality of IX projection optical 
systems of a certain type. are arranged and in which a 
mask and a photosensitive plate are moved integrally 
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with e^^pbther for scanning. It is desirabll^^kt , 

ideally, the working distance of the IX projection 
optical systems used is extremely small. Each IX 
projection optical system is of a single Dyson type 
such as that disclosed in U.S. Patent 4,3 91,4 94 (to 
Hershel) or a double Dyson type such as that disclosed 
in U.S. Patent 5, 298,939 (to Swanson et al . ) . 

En an aligner having such a Dyson type projection 
optical system, the working distance (spacing between ■ 
the exit surface of a prism mirror and the image plane) 
can be sufficiently reduced to limit various 
aberrations or distortions of the projected image to 
such small values that there is practically no problem 
due to the aberrations or distortions. In this kind of 
aligner, therefore, a detection area on the 
photosensitive substrate of focus detection by the 
focus sensor {e.g., the irradiation position of the 
projected beam in the oblique incident light system or 
the air-eochaust position in the air micrometer system) 
is ordinarily set to a position deviating from the 
effective projection field region of the projection 
optical system, that is, set in an off -axis manner. 

For this reason, it is impossible to actually 
detect whether the area of the substrate ^y^pos^d to 
projected light from a circuit pattern is precisely 
adjusted in a best focus state or condition. 

Also in apparatuses for writing a pattern on a 
substrate or to perform processing (or manufacturing) 
by using, a spot of a laser beam or an electron beam, it 
is possible that the working- distance between the 
substrate and the objective lens system (or an 
electronic lens system) for projecting the beam becomes 
so small that. an AP sensor capable of detecting a 
focusing error of the processing position or the 
drawing position on the substrate surface in the field 
of the objective optical system cannot be mounted. 
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In^^^i a case, the detection point of th 
sensor is only placed outside the field of the 
objective lens system to detect a focusing error, and 
it does not detect whether a focusing error occurs 
actually at the processing position or writing position 
in the field of the objective lens system. 

The same can also be said with respect to an 
apparatus for optically inspecting a pattern drawn on a 
reticle or mask for photolithography or a fine pattern 
formed on a wafer. t That is, this is because this kind 
of inspection apparatus is also provided with an 
objective lens system for inspection and because the 
end of the objective lens system faces a surface of an 
specimen (a plate) to be inspected while being spaced 
apart from same by a predetermined working distance. 

Thus, if an objective lens system having a : * 
comparatively large magnifying power and high 
resolution is used, the working distance is so small 
that the same problem relating to the disposition of 
the AF sensor is encountered. 

SUMMARY OF THS INVENTION 

In view of the above-described problems of the 
related art, the present invention provides a 
projection aligner (exposure apparatus) and an exposure 
method .which enable high-precision focusing control and 
high- precision tilt control even if a projection 
optical system to reduce the working distance in 
comparison with the conventional projection optical 
system is incorporated. 

The invention is directed to a step-and-repeac 
aligner in which a surface of a sensitive substrate is 
exposed to a pattern image projected through'an imaging 
system or a scanning exposure apparatus (scanning 
aligner) in which a mask (or a reticle) and a sensitive 
substrate are moved relative to an imaging system while 

21 
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a pacter^^P^age is being projected, and to a s 
suitable for detecting a focal point and a tilt in 
these kinds of exposure apparatus (aligners) . 

In the present exposure apparatus and method, 
focusing control and tilt control are performed with 
respect to a shot area at a peripheral position on a 
sensitive substrate. 

The present scanning exposure apparatus and 
scanning exposure method enable high-precision focusing 
control and high- precision tilt control with respect 
to an exposed area of a sensitive substrate, without 
setting a .focus detection area in the projection field 
of a projection optical system. 

The present focus sensor and focus detection 
method stably detect an error in focusing or tilting of. 
a surface of a sensitive substrate immersed in a liquid 
in an immersion type projection aligner or scanning 
aligner designed to improve the depth of focus. The 
present focus sensor and focus detection method are 
suitable for a manufacturing (processing) apparatus, a 
drawing apparatus or an inspection apparatus having an 
objective optical system of a small working distance. 

The present invention is applicable to a scanning 
exposure apparatus having an imaging system (a 
projection lens system) for projecting an image of a 
pattern of a mask (a reticle) on a substrate <a wafer) 
through an imaging field, a scanning mechanism (a 
reticle stage or wafer XY stage) for moving the mask 
and the substrate in a scanning direction relative to 
the" imaging system, and a Z-drive system <a Z stage and 
Z-actuators) for driving the substrate and the imaging 
system relative to each other in a Z-direction to focus 
the projected image, or to a projection aligner (i-e, 
stepper) having an imaging system for projecting an 
image of a pattern of a mask on a substrate through a 
projection field, a movable stage mechanism which moves 

2i 
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in X ardl^Pkirections in order to position the^ 
substrate with respect to the image of the pattern to 
be projected, and a Z-drive mechanism for driving the 
substrate and the imaging system relative to each other 
in a Z-direction to focus the image to be projected. 

The scanning mechanism or the movable stage 
mechanism of the exposure apparatus or aligner may be a 
mechanism for horizontally maintaining a mask or 
substrata. Alternatively, it may be a mechanism for 
maintaining a mask or substrate at a certain angle from 
a horizontal plane, for example, a vertical stage 
mechanism for moving a mask or substrate in a 
• horizontal or vertical direction while maintaining the 
mask or substrate in a vertical attitude. In this 
case, a plane along which the mask or substrate is 
moved corresponds to X- and Y-directions , and Z- 
direction, perpendicular to each of X- and Y- 
directions, is also referred to (for example, in 
correspondence with the direction of the optical axis 
of a laterally-arranged projection optical system or 
the direction of principal rays} » 

According to the present invention, the aligner is 
provided with a first detection system having a 
detection area at a first position located outside the 
imaging field of the imaging system and spaced apart 
from same in the scanning direction (Y-direction) , the 
first detection system detecting the position of an 
obverse (upper) surface of the substrate in the Z- 
direction, a second detection system having a detection 
area at a second position located outside tne imaging 
field of the imaging system and spaced apart from the 
first position in a direct ion^STTN tne scanning 
direction (Y) , the second detection system detecting 
the position of the obverse surface of the substrate in 
the Z-direction, a third detection system having a 
detection area at a third position located outside the 
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imaging ^^Ld of the imaging system, spaced ap^prom 
the same in a direction (X) perpendicular to the 
scanning direction (V) and also spaced apart from the 
second position in the scanning direction (Y) , and the 
third detection system detecting the position of the 
obverse surface of the substrate in the Z-direction. 

According to the present invention, the aligner is 
further provided with a calculator for calculating a 
deviation between the first Z -posit ion detected by the 
first detection system and a target 2- position, and 
for temporarily storing the second Z-position detected 
by the second detection system at the time of detection 
'made by the first detection system, and a controller 
for controlling the Z -drive system on the basis of the 
calculated deviation the stored second Z-position and 
the third Z-position detected by the third detection- 
system when the area on the substrate corresponding to 
the detection area of the first detection system is 
positioned in the imaging field of the imaging system 
by a movement caused by the scanning mechanism or the 
movable stage mechanism. 

The present invention is applicable to a scanning 
exposure method in which all of a pattern of a mask (a 
reticle) is transferred onto a sensitive substrate (a 
wafer) by projecting a part of the mask pattern on the 
sensitive substrate through a projection optical system 
and by simultaneously moving the mask and the sensitive 
substrate relative to a projection field of the 
projection optical system. 

The present method includes the steps of mounting 
the sensitive substrate on a holder having an auxiliary 
plate portion formed so as to surround the sensitive 
substrate at a height substantially equal to the height 
of an obverse surface of the sensitive substrate, 
previously reading a focus error of an exposure area on 
the sensitive substrate on which area a part of the 
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pattern^^the mask is to be projected, the fo^error 

of the exposure area being read before the exposure 
area reaches the projection field of the projection 
optical syscem during scanning movement of the holder 
and the sensitive substrate, detecting a focus error of 
the obverse surface of a part of the sensitive 
substrate or the auxiliary plate portion by an exposure 
oosition focus detection system disposed apart from the 
orojection field of the projection optical system in a 
direction (X) perpendicular to the direction <Y) of the 
scanning movement when the exposure area on the 
sensitive substrate reaches the projection field, 
adjusting the distance between the projection optical 
system and the sensitive substrate on the basis of the 
detected focus errors so that the focus error of the 
exposure area on the sensitive substrate is corrected 
in the projection field of the projection optical 
system. 

A focus detection sensor or a focus detection 
method suitable for manufacturing (processing) 
apparatuses, imaging apparatuses and inspection 
apparatuses is achieved similarly by replacing the 
projecting optical system used for the above-described 
exposure apparatus t aligner) or the exposure method 
with an obj ective . optical system for manufacturing, 
writing, imaging or inspection. 
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DETAILE^^ 'IN 

Fig. 1 shows the entire construction of a 
projection exposure apparatus in a first embodiment of 
the present invention, and which is a lens-scan type'.- 
projection aligner in which a circuit pattern on a 
reticle is projected onto a semiconductor wafer through 
a reduction projection lens system having circular 
image fields telecentricaliy formed on the object side 
and the image side while the reticle and the wafer are 
being moved relative to the projection lens system to 
be scanned. 

An illumination system shown in Fig. 1 includes an 
ArF excimer laser light source for emitting pulse light 
having a wavelength of 193 nm, a beam expander for 
shaping a cross section of the pulse light from the 
light source into a predetermined shape, an optical 
integrator, such as a fly's- eye lens for forming a 
secondary light source image (a set of a plurality of 
point light sources) by receiving the shaped pulse 
light, a condenser lens system for condensing the pulse 
light from the secondary light source image into pulse 
illumination light having a uniform illuminance 
distribution, a reticle blind (illumination field stop) 
for shaping the pulse illumination light into a 
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rectangular shape elongated in a direction 
perpendicular to the scanning direction at the time oc 
scanning exposure, and a relay optical system for 
imaging the rectangular opening of the reticle blind on 
a reticle R in cooperation with a mirror 11 and a 
condenser lens system 12 shown in Fig. 1. 

The reticle R is supported on a reticle stage 14 
by vacuum suction attraction. The reticle stage 14 can 
move at a constant speed in. cne dimension with a large 
stroke during scanning exposure. The reticle stage 14 
is guided on a column structure 13 of an aligner body 
laterally as viewed in Fig. 1 to move for scanning. 
The reticle stage 14 is also guided so as to move in a 
direction perpendicular to the plane of the figure. 

The coordinate position and the fine rotational 
deviation of the reticle stage 14 in an XY-plane are 
successively measured by a laser interferometer system 
(IFM) 17 which projects a laser beam onto a moving 
mirror (plane mirror or corner mirror) 16 attached to a 
portion of the reticle stage 14 and which receives the 
beam reflected by the mirror 16 . A reticle stage 
controller 20 controls motors 15 (such as a linear 
motor or a voice coil) for driving the reticle stage 14 
on the basis of the XY-coordinate position measured by 
the interferometer system 17, thereby controlling the 
scanning movement and the stepping movement of the - 
reticle stage 14 . 

When a part of a circuit pattern area on the 
reticle R is irradiated with rectangular shaped pulse 
of light emitted from the condenser lens system 12, an 
imaging light beam from the pattern in the illuminated 
part is projected and imaged on a sensitive resist 
layer applied on the upper (principal) surface of a 
wafer W through a 1/4 reduction projection lens system 
PLi. The optical axis AX of the projection lens system 
PL is placed so as to extend through center points of 
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^ri^^r image fields and to be coaxial wi^^he 
optical axes of the illumination system 10 and the 
condenser lens system 12. 

The projection lens system PL includes a plurality 
of lens elements made e.g. of two different materials, 
such as quartz and fluorite having high transmittance 
with respect to ultra- violet rays having a wavelength 
of 193 nro- Fluorite is used mainly to form lens 
elements having a positive power. The air in the lens 
barrel in which the lens elements of the projection 
lens system PL are fixed is replaced with nitrogen gas 
so as to avoid absorption of the pulse illumination 
■light having a wavelength of 193 nm by oxygen. Similar 
nitrogen gas replacement is performed with respect to 
the optical path from the interior of the illumination 
system 10 to the condenser optical system 12 . 

The wafer W is held on a wafer holder (chuck) WH 
which attracts the reverse (backside) surface of the 
wafer by vacuum suction. An annular auxiliary plate 
portion HRS is provided on a peripheral portion of the 
wafer holder WH so as to surround the circumference of 
the wafer W. The height of the surface of the 
auxiliary plate portion HRS is so as to be 
substantially flush with the upper surface of the wafer 
W attracted to the upper surface of the holder WH. This 
auxiliary plate portion HRS is used as an alternative 
focus detection surface if a detection point of a focus 
sensor is positioned outside the contour edge of the 
wafer W when a shot area at a peripheral position on 
the wafer W is scanned and exposed, as described below 
in detail . 

Further, the auxiliary plate portion HRS can also 
serve as a flat reference plate (fiducial plate) for 
calibration of a system offset of the focus sensor in 
the same manner as disclosed in U.S. Patent: 4,650,983 
{to Suwa) mentioned above. Needless to say, a special 
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referenc^fcate may be separately provided f or ^) 
calibration of Che focus sensor. 

The wafer holder WH is mounted on a ZL stage 3 0 
which can translate in the Z-direction along the 
optical axis AX of the projection lens PL, and which 
can move in a direction perpendicular to the optical 
axis AX while tilting with respect to an XY-plane. The 
ZL stage 30 is mounted on an XY stage 34 through three 
Z- actuators 32A, 323, and 32 C. The XY scage 34 is 
movable two dimensional ly in X-and Y-directions on a 
base. Each of the Z-actuators 32A, 32B, and 32C is 
e.g. a piezoelectric expansion element, a voice coil 
motor, or a combination of a DC motor and a lift cam 
mechanism. 

If the three Z-actuators (or Z-drive motors) are 
each driven in the Z-direction to the same amount, the 
ZL stage 3 0 moves translationally in the Z -direction 
(focusing direction) while being maintained parallel to 
the XY stage 34. If the three 2- actuators are each 
driven in the Z-direction different amounts, an amount 
and a direction of the tilting of the ZL stage 30 is 
thereby adjusted. 

The two-dimensional movement of the XY stage 34 is 
caused by several drive motors 3 6 which are e.g. a DC 
motor for rotating a feed screw or a linear motor or 
the like capable of producing a driving force in a non- 
contact manner. The drive motors 3 6 are controlled by 
a wafer stage controller 35 which is supplied with a 
measuring coordinate position from a laser 
interferomecer (IFM) 3 3 for measuring changes in the 
position of a reflecting surface of a moving mirror 31 
in the X- and Y-direct ions . 

For example, the entire construction of the XY 
stage 34 using a linear motor as drive motor 36 may be 
as disclosed in Japanese Laid-Open Patent Application 
No.(Sho) 61-209831 (Tateishi Electronics Co.) laid open 
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With respect to this embodiment, it is assumed 
here that the working distance of the projection lens 
PL is so small that a projected beam of an oblique 
incident light type focus sensor cannot be led to the 
wafer surface through the space between the surface of 
the optical element of the projection lens system PL 
closest to the image plane and the upper surface of the 
wafer W. In this embodiment, therefore, three focus 
detection systems GDL, GDC, and GDR of an off -axis type 
(having a focus detection point out of the projection 
field of the projection lens PL) are disposed around a 
lower end portion of the barrel of the projection lens 
PL- 

Of these focus detection systems, the detection 
systems GDL and GDR are set so as to have focus I 
detection points positioned on the front and rear sices 
of the projection field with respect to the direction 
of scanning movement of the wafer W at the time of 
scanning exposure. When one shot area on the wafer W 
is scanned and exposed, one of the detection systems 
GDL ad GDR selected according to the direction of 
scanning movement (plus direction or minus direction} 
is operated so as to previously read the change in the 
surface height position in the shot area before 
exposure of the wafer to the rectangular projected 
image . 

Accordingly, the focus detection systems GDL and 
GDR function, for example, as the same pre-read sensors 
as those of a focus detection system disclosed in U.S. 
Patent 5,448,332 (to SakaXibara et al . > . In this 
embodiment, however, a focus adjustment (or tilt 
adjustment) sequence different from that of U.S. Patent 
5,448,332 is used and a special focus detection system 
is therefore added to the focus detection systems GDL 
and GDR. This arrangement is described below in more 
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detail . 

The focus detection system GDC shown in Fig. 1 has 
a detection point in a non-scanning direction 
perpendicular to the scanning direction of the 
projection field of the projection lens PL as seen on 
the surface of the wafer W (i.e., in an XY plane) in 
accordance with the off -axis method. However, the 
focus detection system GDC has another detection point 
on the back side of the projection lens • ?!/ as viewed in 
Fig. 1 in addition to its detection point on the front 
side. 

The focus detection method in accordance with the 
present, invention is characterized in that the off -axis 
focus detection system GDC and one of the pre-reading 
focus detection systems GDL and GDR are operated in 
cooperation with each other. Details of these focus- 
detection systems are described below. 

Information on the height position of a portion of 
the wafer surface detected by each of the above- 
described focus detection systems GDL, GDR, and GDC 
(e.g., an error signal or the like representing the 
amount of deviation from the best focus position) is 
input to an automatic focusing <AF) cancrol unit 38. 
The W control unit 38 determines an optimal amount of 
driving of each of the Z-drive motors 32A, 323, and 32C 
on the basis of the detection information supplied from 
the detection systems, and drives the Z-drive motors 
32A, 32b, and 32C to perform focusing and tilt 
adjustment with respect to the area of the wafer w on 
which the projected image is to be actually imaged. 

For this control, each of the focus detection 
systems GDL and GDR is a multi -point focus sensor 
having detection points at a plurality of positions 
(e.g., at least two positions) in the rectangular 
projection area on the wafer W formed by the projection 
lens PL, and the AF control unit 33 is capable of tilt 
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|of the wafer W at least in the non 
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direction(X-direction) as well as focusing. 

The aligner shown in Fig. 1 is arranged to perform 
scanning exposure by moving the XY stage 34 at a 
constant speed in the Y-direction. The relation of the 
scanning movement and the stepping movement of the 
reticle R and the wafer W during scanning exposure will 
now be described with reference to Fig. 2. 

Referring to Fig- 2, a fore -group lens system LGa 
and a rear-group lens system LGb represent the 
projection lens system PL shown in Fig. 1, and an exit 
pupil Ep exists between the fore-group lens system LGa 
and the rear-group lens system LGb. On the reticle R 
shown in Fig. 2, a circuit pattern area Pa having a 
diagonal length larger than the diameter of the 
circular image field on the object side of the 
projection lens PL. is formed in a frame defined by a 
shield band SB. 

To the image of the area Pa of the reticle R, a 
corresponding shot, area SAa on the wafer W is exposed 
in a scanning manner by moving the reticle R at a 
constant speed Vr in the minus direction along the Y- 
axis while moving the wafer W at a constant speed Vw in 
the plus direction along the Y-axis, for example. At 
this time, the shape of pulse illumination light IA tor 
illuminating the reticle R is set in the form of a 
parallel strip or a rectangle elongated in the X- 
direction in the area Pa of the reticle, as shown in 
Fig. 2. . The ends of the shape of pulse illumination 
light IA opposite from each other in the X-direction 
are positioned on the shield band SB. 

A partial pattern contained in the rectangular 
area in the area Pa o£ the reticle R irradiated with 
the pulse illumination light IA is imaged as an image 
SI at the corresponding position in the shot area SAa 
on the wafer W by the projection lens system PL (lens 



3* 



-64- 



syst ems 




and LGb) - When the relative scann: 




the pattern area Pa on the reticle R and the shot area 
SAa on the wafer W is completed, the wafer W is moved 
one step, for example, to a certain distance in the Y- 
direction such that the scanning start position is set 
with respect to a shot area SAb adjacent to the short 
area SAa. During this stepping movement, the 
illumination with pulse illumination light IA is 
stepped. 

Next, in order to expose the shot area SAb on the 
wafer W to the image of the pattern in the area Pa of 
the reticle R in a scanning manner, the reticle R is 
moved at the constant speed Vr in the plus direction of 
the Y-axis relative to pulse illumination light IA and 
the wafer W is simultaneously moved at the constant 
speed Vw in the minus direction of the Y-axis relative 
to the projected image SI. The speed ratio Vw/Vr is 
set to the reduction : ratio 1/4 of the projection lens 
system PL. In accordance with the above -described 
schedule, a plurality of shot areas on the wafer W are 
exposed to the image of the circuit pattern area Pa of 
the reticle R. 

The projection aligner shown in Figs. 1 and 2 can 
be used as a step- and- repeat aligner in such a manner 
that, if the diagonal length of -fetee nf the circuit 
pattern area on the reticle R is smaller than the 
diameter of the circuit image field of the projection 
lens system PL, the shape and si2e of the opening of 
the reticle blind in the illumination system 10 are 
changed so that the shape of illumination light IA 
conforms to the circuit pattern area. In such a case, 
the reticle stage 14 and the XY stage 34 are maintained 
in a relatively-stationary state during exposure of 
each of shot areas on the wafer W. 

However, if the wafer W moves slightly during 
exposure, the slight movement of the wafer w may be 
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measur^J^ the laser interferometer system 3!^|fe. the 
reticle stage 14 may be slightly moved under control so 
that the corresponding small error in the position of 
the wafer W relative to the projection lens system PL* 
is canceled by follow-up correction on the reticle R 
side. For example, systems for such reticle follow-up 
correction are disclosed in Japanese Laid-Open Patent 
Application Nos. (Hei) 6-204115 and (Hei) 7-220998 . 
Techniques disclosed in these publications may be used, 
according to one's need. 

If the shape or si2e of Che opening of the reticle 
blind is changed, a 200m lens system may be provided to 
• enable the pulse light reaching the reticle blind from 
the light source to be concentrated within the range 
matching with the adjust- ed opening according to the 
change in- the shape or size of .the opening. 

Since the area of the projected image SI is set in 
the form of a strip or a rectangle elongated in the X- 
direction as clearly seen in Fig. 2, tilt adjustment 
during scanning exposure may be effected only along the 
direction of rotation about the Y-axis r that is, the 
rolling direction with respect to the scanning exposure 
direction in this embodiment. Needles to say, if the 
width of the projected image SI area in the scanning 
direction is so large that there is a need to consider 
the influence of flatness of the wafer surface with 
respect to the scanning direction, tilt adjustment in 
the pitching direction is performed during scanning 
exposure . . This operation will be described in more 
detail with respect to another embodiment of the 
invention . 

The focus detection systems GDL, GDR, and GDC 
shown in Fig. 1 are disposed as illustrated in Fig. 3, 
for example. Fig. 3 is a perspective view showing the 
disposition of detection points of the focus detection 
systems on the plane on which the circular image field 
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CP of t^^rojection lens PL on the image side! 
formed. Fig. 3 shows only the disposition of the focus 
detection systems GDL and GDC. The focus detection 
system GDR is omitted since it has the same, 
configuration as the detection system GDL. 

Referring to Fig. 3, the focus detection system 
GDC has two detectors GDC1 and GDC 2 which are set so 
that detection points (detection areas) FCl and FC2 are 
positioned on an extension line LLc of the axis of the 
strip-like of rectangular projected image SI extending 
in- the circular field CP of the projection lens PL in a 
diametrical direction (X- direction) . These detectors 
• GDC1 and GDC2 detect the height position of the upper 
surface of the wafer W (or auxiliary plate portion KRS) 
or a positioning error amount in the Z-direction with 
respect to the best focus plane position.. 

On the other hand, the focus detection system GDL 
includes in the embodiment five detectors GDA.1 , GDA2 , 
GDB1, GBD2, and GDB3 having respective detection points 
(detection areas) FA1 , FA2, FBI, FB2 , and FB3 
positioned on a straight line LLa parallel to the 
extension line LLc . Each of these five detectors 
independently detects the height position of a point on 
the upper surface of the wafer W (or auxiliary plate 
.portion KHS) or a positioning error amount in the z- 
direction with respect to the best focus plane 
position. 

The extension line LLc and the straight line LLa 
are set at a certain distance from each other in the 
scanning direction {Y-direct ion) . Also, the detection 
point ?A1 of the detector GDA1 and the detection point 
FCl of the detector GDC1 are set at substantially the 
same coordinate positions in the X-direction while the 
detection point FA2 of the detector GDA2 and the 
detection point FC2 of the detector GDC 2 are set at 
substantially the same coordinate positions in the X- 
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The^Ktection points FBI , FB2 , and FB3 of three 
detectors GDB1 , GDB2 , and GDB3 are disposed so as to 
cover the area of the strip-like or rectangular 
projected image SI in the X- direction. That is, the 
detection point FB2 is disposed at a X-coordinate 
position corresponding to the center (the point at 
which the optical axis AX passes) o£ the area of the 
projected image SI in the X-direction while the 
detection points FBI and FB3 are disposed at X- 
coordinate positions corresponding to positions in the 
vicinity of the opposite ends of the projected image SI 
area in the X-direction. Therefore, the three 
detection points FBI, F32, and F33 are used for focus 
error pre-reading of the surface portion of the wafer W 
corresponding to the projected image SI area. 

The focus detection system GDR, not shown in Fig. 
3, also has three pre-readina detectors GDE1, GDE2 , 
GDE3 and other two detectors PDD1 and GDD2 disposed 
opposite sides of these pre-reading detectors in the X- 
direction. For ease of explanation, with respect to 
this embodiment:, it is assumed that the planes 
recognized as best focus positions by the twelve 
detectors GDAl, GDA2 ; GDB1 , GDB2 , GDB3 ; GDC1 , GDC 2 ; 
GDD1, GDD2? GDE1 , GDE2 , GDE3 are adjusted to one XY- 
plane. That is, no system offset is provided between 
the twelve detectors and it is assumed that the surface 
height positions of the wafer W detected at the twelve 
detection points FA1, FA2 ; FBI, F32 , FB3 ; FCI, FC2 ; 
FD1, FD2; FEl, FS2 , FE3 as positions at which the 
detected focus error becomes zero coincide closely with 
each other. 

For the above -described twelve focus detectors, 
optical sensors, air micrometer type sensors, 
electrostatic capacity type gap sensors ox the like can 
be used if the end of the projection lens PL is not 
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immerse^PP a liquid. However, if an infers ior 2 
projection system is formed, it is, of course, 
impossible to use air micrometer type sensors. 

Fig. 4 is a block diagram of an example of the AF 
control unit 3 8 for processing detection signals (error 
signals) from the focus detection systems GDL, GDR, and 
GDC shown in Figs. 1 and 3. As shown in Fig. 4, one of 
the group of detection signals from the five detectors 
GDAI, GDA2, GDB1, GDS2, and GDB2 of the pre-reading 
focus detection systems GDL and the group of detection 
signals from the five detectors GDDl, GDD2 , GDE1, GDE2 , 
and GDE3 of the focus detection systems GDR are 
selected by a changeover circuit 50 to be supplied to 
subsequent processing circuits. 

The changeover circuit 50 selects the signals from, 
one of the focus detection systems GDIi and GDR in 
response to a changeover signal SSI (representing a 
direction discrimination result) supplied from a 
position monitor circuit 52 which discriminates one 
scanning movement direction of the wafer stage 34 from 
the other on the basis of stage control information 
from the wafer stage controller 35, and which monitors 
changes in the moved position of the wafer W from the 
pre- read position to the exposure position. In the 
state shown in Fig- 4, the changeover circuit 50 is 
selecting the five detection signals from the focus 
detection system GDL. 

The detection signals from the pre-reading 
detectors GDB1, GD32 , and GDB3 with respect to the 
exposure area (projected image SI) are supplied to a 
first calculator 54 for calculating a focus error 
amount and a tilt error amount. The calculator 54 
supplies a second calculation and memory circuit 5 6 
with error data DTI and DT2 on focus error amount &Z£ 
and tilt error amount ATx (fine inclination about the 
Y- axis) of the surface area of the wafer W previously 
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read at ^^^^ three detection points FBI, FB2, 

On the other hand, the detectors GDA1 and GDA2 
supplies the second calculation and memory circuit 56 
with information ZA1 and information ZA2 representing 
the surface height positions (or focus deviations) at 
the detection points FA1 and FA2 simultaneously with 
the detection of the wafer surface by the three 
detectors GDB1, GBD2, and GDB3 . 

The second calculation and memory circuit 56 
calculates, on the basis of error data DTI, DT2 , 
information ZA1 , ZA2 and the relative positional 
relationship between the detectors, target values AZ1 
and AZ2 of the height position of the wafer w which 
should be detected at the detection points FC1 and FC2 
of the detectors GDC1 and GDC2 set at the projection 
exposure position with respect to the Y-direction 
(scanning direction) . The second calculation and 
memory circuit 56 temporarily stores the calculated 
target values AZ1 and AZ2. 

The meaning of the target values AZi and AZ2 is 
that, if information ZC1 and information ZC2 detected 
by the detectors GDC1 and GDC2 when the surface 
portions of the wafer W {or auxiliary plate portion 
HRS) previously read at the pre- reading detection 
points FA1 and FA2 reach the detection points FCL and 
FC2 corresponding to the exposure position are equal co 
the target values AZI and AZ2 , respectively, both the 
focus error amount AZf and tilt error amount ATx 
determined by pre-reading become zero at the exposure 
position. 

Further, the second calculation and memory circuit 
5 6 outputs the stored target values AZI and AZ2 to a 
third calculation and drive circuit 58 immediately 
before the pre-read area on the wafer with respect to 
the Y-direction arTiv&s at the exposure position at 
which the projected image SI is exposed. 
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AC^J^ingly, in synchronization with a 
output from the position monitor circuit 52, the second 
calculation and memory circuit 56 outputs signals 
representing target values AZl and AZ2 temporarily 
stored to the third calculation and drive circuit 53 
after delaying the signals by an amount of time 
determined by the distance between the straight line 
LLa and the extension line LLc in the Y-direction and 
the speed of movement of the wafer w. 

If signal SS2 is outpuc each time the wafer W is 
moved to be scanned through a distance corresponding to 
the width of the projected image SI in the scanning 
direction, a certain number of sets of target values 
AZ1 and AZ2 (e.g., five sets) corresponding to a number 
obtained by dividing the distance between the straight 
line LLa and the extension line LLc in the Y-direction 
(e.g., about 40 mm) shown in Fig. 3 by the width of the 
projected image SI (e.g., about 8 mm) are temporarily 
stored in the second calculation and memory circuit 
56. Accordingly, the second calculation and memory 
circuit 56 functions as a memory for storing target 
values LZX and AZ2 in a first in- first out (FIFO) 
manner. 

The third calculation and drive circuit 58 reads, 
in response to a signal SS3 from the position monitor 
circuit 52, detection information ZC1 and ZC2 on the 
height position of the surface of the wafer W (or 
auxiliary plate portion HRS) detected by the detectors 
GDCL and GDC2 immediately before the area on the wafer 
W detected at the pre-read position reaches the 
exposure position (the position of the projected image 
SI) . 

Simultaneously, the third calculation and drive 
circuit 5a reads the data of target values AZ1 and 622 
(corresponding to the exposure position) output from 
the second calculation and memory circuit 56, 
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determii^^by calculation, drive amounts (amo\^Aof 
position adjustment or amounts of speed adjustment) 
corresponding to the z-drive motors 3 2A f 3 2B, and 3 2C 
shown in Fig. 1 on the basis of information 2C1 and ZC2 
and target values AZl and AZ2, and outputs determined 
drive amount data to the Z-drive motors 3 2A, 323, and 
32C. 

It is to be understood that, most of the element of 
Fig. * may be embodied in a programmed microcontroller 
or microprocessor, executing a suitable program which 
could be written by one of ordinary skill in the art in 
light of Fig. 4. 

Fig. 5 is a plan view explaining the function of 
the auxiliary plate portion HRS formed at the 
peripheral portion of the wafer holder WH as shown in 
Fig. 1- In this embodiment, since all the detection :. 
points of the focus detection systems are positioned 
outside the projection field CP of the projection lens 
PD as described above, there is a possibility of some 
of the focus detection points being located outside the 
nerimeter of wafer W at the time of scanning exposure 
of some of a plurality of shot areas SAn on the wafer 
arranged at the peripheral portion of the wafer W. 

For example, as shown in Fig. 5, when a peripheral 
shot area SA1 of the wafer W positioned on the holder 
WH by using a prealignment notch NT is scanned and 
exposed, the end focus detection point FAl (or FDD of 
the pre-reading focus detection system GDL (or GDR] and 
the detection point FCI of the exposure position focus 
detection system GDC are located outside the wafer W. 
In this state, ic is difficult to normally perform 
focusing and tilt adjustment. 

A main function of the auxiliary plate portion HRS 
is enabling normal focusing and tiling in such a 
situation. As shown in Fig. 5, the detection point FAl 
(or FDD and the detection point FCl located outside 
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wafer W are set so as to be positid! 




on 



the surface of the auxiliary plate portion HRS . 
Accordingly, it is desirable that the height of the 
surface of the auxiliary plate portion HRS is 
substantially equal to that of the surface of the wafer 

More specifically, the surface of the wafer W and 
the surface of the auxiliary plate portion KRS are made 
flush with each other within the detection ranges which 
correspond to che detection points FAl (FA2) , FCi 
(FC2), and FD1 (FD2) and in which the desired linearity 
of the focus detectors corresponding to the detection 
points are ensured- Further, since the surface of the 
auxiliary plate portion HRS is used as an alternative 
to the surface of the wafer W, its reflectivity is set 
on the same order or to the same value as the 
reflectivity of a standard (silicon) wafer. For 
example, a mirror- finished surface is preferred as the 
auxiliary plate portion HRS. 

If the wafer W (on wafer holder WH) is moved to be 

scanned in the direction of the arrow shown in Fig. 5, 

the detection points FAl , FA2 ; FBX, FB2 , FS3 of the 

focus detection system GDL are selected as pre-reading 

sensors with respect to the shot area SAX . In this 

.Lie/ 

event, if the distance between the extension line ttre-S 
corresponding to the center of the projected image SI 
in the Y-direction and the straight line LLa on which 
the detection points of the focus detection system <3DL 
are disposed is Wia/and if the distance between the 
extension line LLc and the straight line LLb on which 
the detection points of the other focus detection 
system GDR are disposed is DLb, DLa and Dlb are set so 
that DLa is approximately equal to DLb in this 
embodiment. From the speed Vw of the wafer W at the 
time of scanning exposure, the delay time At taken for 
the focus pre-read position on the wafer W to reach the 
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exposuri^^feition is at « DLa/Vw (sec). Accor^l^ly, 

the time for temporary storage of target value data AZ1 
and aZ2 in the second calculation and memory circuit 56 
shown in Fig. 4 is substantially equal to the time lag 
At . 

However, the distance DLa and the distance DLb may 
be selected so that DL»a does not equal DLb according to 
a restriction relating the construction of the aligner. 
Needless to say, in such a case, the delay time of 
supply of the target values &Z1 and AZ2 are set to 
different lengths with respect to. use of the pre- 
reading focus detection system GDL and use of the focus 
detection system GDR. 

The focusing and tilting operations of the first 
embodiment arranged as described above is now described 
with reference to Figs. 6A through 6D. Fig. 6A I 
schematically shows a state of the upper surfaces of 
the wafer W and the auxiliary plate portion HRS 
detected by the pre-reading focus detection system GDL 
at an instant during scanning exposure of the 
peripheral shot area SAJL of the wafer W as shown in 
Fig. 5. 

In Figs. 6A through 6D, a horizontal line 3FP 
represents the optimum focus plane of the projection 
lens PL. The detector GDBi that detects the position 
of the wafer surface in the Z- direction at the focus 
detection point F31 in the shot area SA1 outputs a 
detection signal representing &ZB1 as a Z- position 
error (amount of defocusing) of the wafer surface with 
respect to the plane BFP ► Similarly, the detectors 
GDB2 and GDB3 that detect errors of the position of the 
wafer surface in the Z-direction at the focus detection 
points F32 and FB3 output detection signals 
representing errors AZ32 and &ZB3 . Each of these Z- 
position errors has a negative value if the wafer 
surface is lower than the best focus plane BF?, or has 



<f2 



-74- 



a posit 




alue if the wafer surface is highe 
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the best focus plane BFP . 

The values of these errors AZB1, aZB2, and AZB3 
are input to the first calculation and memory circuit 
54 shown in Fig. 4. The first calculation and memory 
circuit 54 determines parameters of an equation 
representing an approximate plane APP (actually an 
approximate straight line) shown in Fig. 6B of the 
entirety of the prc-refid portion in the shoe area SAi 
by the method of lease squares or the like on the basis 
of these error values. The parameters thereby 
determined are focus error amount AZf and tilt error 
amount ATx of the approximate plane APP , as shown in 
Fig. SB- The values of error amount aZf and amount ATx 
thus calculated are output as data DTI and DT2 to the 
second calculation and memory circuit 56. In- this 
embodiment, the focus error amount AZf is calculated as 
an error substantially at the middle point 
(corresponding to detection point FB2)of the shot area 
SA1 in the X-direction. 

When the detectors GDB1, GDB2 , and GDB3 detect Z- 
position errors as described above, the detectors GDA1 
and GDA2 simultaneously detect Z-position errors AZAl 
and A.ZA2 of the wafer surface or the surface of the 
auxiliary plate portion HRS with respect to the best 
focus plane at the detection points FA1 and FA2 . These 
errors 4ZA1, AZA2 are temporarily stored in the second 
calculation and memory circuit 56 . 

Immediately after this detection and storage, 
assuming that the approximate plane APP such as that 
shown in Fig. 6B is corrected so as to coincide with 
the best focus plane BFP as shown in Fig. 6C, that is, 
the wafer holder WH is adjusted in the Z-direction and 
the tilting direction so that AZf - 0 and ATx » 0,.the 
second calculation and memory circuit 56 calculates the 
Z-position target value AZ1 to be detected at the 
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detectid^^bint FA1 and the . Z-posit ion target v^lR aZ2 
to be detected at the detection point FA2 on the basis 





of data DTI. and DT2 (error amount AZf and ATx) , Z- 
position errors AZA2 actually measured at the 

detection points FA1 and FA2 and the distance DS 
between the middle point of the shot area and each of 

the detection points FAI and FA2 in the X-direction. 
The calculated Z-position target values nZl and AZ2 are 
temporarily scored in the second calculation and memory 
circuit 56 until the pre-read area on the wafer W 
reaches the area of Che projected image SI (exposure 
position) . 

When the pre-read area on the wafer W reaches the 
.exposure position, the third calculation and drive 
circuit 58 shown in Fig. 4 reads the detection signals 
from the focus detectors GDCl and GDC 2 for detecting- Z- 
position errors at the detection points FC1 and TC2 . 
If, for example, the pre-read area on the wafer W is in 
a state such as shown in Fig. 6D immediately before it 
reaches the exposure position, the detector GDCl 
outputs detection signal ZC1 representing a Z-position 
error at the detection point FC1 while the detector 
GDCl outputs detection signal ZC2 representing a Z- 
position error at the detection point FC2 . 

Then the third calculation and drive circuit 58 
calculates the drive amounts for the three Z-actuators 
32A, 32B,. and 32C necessary for tilting the wafer 
holder WH and/or translating the wafer holder WH in the 
Z-direction so that the values of detection signals ZC1 
and ZC2 supplied from the detectors GDCl and GDC2 
become respectively equal to the Z-position target 
values AZ1 and AZ2 which are supplied from the second 
calculation and memory circuit 56 by being delayed. 
The third calculation and drive circuit 58 supplies the 
Z-actuators 32A, 32B, 32C with signals corresponding to 
the calculated drive amounts. 
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is thereby precisely adjusted to coincide with the best 
focus plane BFP at the exposure position. As a result, 
the projected image SI of the pattern of the reticle R 
to be maintained in an optimal imaged state is exposed 
in the scanning mode of the shot area. 

For this operation in the first embodiment, each 
detector in the pre-reading focus detection system GDLi 
and each dcCcCCQi" in the exposure position focus 
detection system GDC are set (calibrated) so as to 
output a detection signal indicating chat there is no 
focus error when the surfaces of the wafer w or the 
auxiliary plate portion HRS coincide with, the best 
focus plane BFP. However, it is difficult to strictly 
set the detectors in such a state. In particular, a 
detection offset between the detectors GDA1 and GDA2- 
(GDDL and GDD2) in the pre-reading focus detection 
system GDL (GDR) and the exposure position focus 
detectors GDC1 and GDC 2 steadily defocuses the pattern 
image formed on the wafer W for exposure. 

Therefore, an offset value between the height 
position in the 2 -direction at which the detector GDC1 
detects the zero focus error and the height position in 
the S-direction at which the detector GDA1 (GDD1) 
detects the zero focus error may be measured and stored 
by simultaneously performing focus detection by these 
detectors on the extremely high flatness surface of a 
reflective glass plate (or fiducial plate) provided on 
the wafer holder WH . This surface may be structure HRS 
or another structure separate from structure KRS . As a 
result, the correction by the stored offset value may 
be made when the Z- actuators 3 2A, 3 2B, and 3 2C are 
drive on the basis of the Z-position errors detected by 
the exposure position focus detectors GDC1 and GDC 2 . 

The construction of a focus and tilt sensor in 
accordance with a second embodiment of the present 
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inventior^s next described with reference to F^s . W/^ 
and h^. With respect to the second embodiment, a 
situation is supposed in which the projected image SI 
contained in the circular field of the projection lens 
PL has a comparatively large maximum width in the Y- 
direction (scanning direction) such that the influence 
of a tilt of the surface of wafer W in the Y-direccion, 
i.e., pitching, is considerable. 

As shown in Fig. h-f^ an exposure position focus 
detector GDC1 (not illustrated) is provided which has 
two detection points FCla and FClb disposed 
symmetrically about extension line LLc in the Y- 
' direction above the projected image SI, and another 
exposure position focus detector GDC2 (not illustrated) 
is provided which has two detection points FC2a and . 
FC2b disposed symmetrically about extension line LLc'in- 
the Y-direction below the projected image SI. Further, 
a pre-reading focus detector GDA1 having two detection 
points FAla and FAJ-b disposed symmetrically about 
straight line LLa in the Y-direct ion and a pre-reading 
focus detector GDA2 (not illustrated) having two 
detection points FA2a and FA2b disposed symmetrically 
about straight line LLa in the Y- direction are 
provided. Similarly/ a pre-reading focus detector GDD1 
(not illustrated) having two detection points FDla and 
FDlb disposed symmetrically about straight line LLb in 
the Y-direction and a pre-reading focus detector GDD2 
having two detection points FD2a and FD2b disposed 
symmetrically about straight line LLb in the Y- 
direction are provided. 

Pre-reading focus detectors GDSn (n = 1, 2, 3) 
(not illustrated) having pairs of detection points 
FBla, FBlb; FB2a , F32b; F33a, F33b, and pre-reading 
focus detectors GDEn (n = 1, 2, 3) (not illustrated) 
having pairs of detection points FEla , FElb; FS2a, 
FE2b; FE3a , FE3b aire also provided. Each pair of 
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detectil^Pfoints are spaced apart from each oc^^in 
the y-direction. n * 

The focus detection system shown in Fig. hp/ 
reproduces adjustment amounts (i.e., target values &Z1 
and LZ2) necessary for correcting the pre-read surface 
configuration (i.e., error amount A2f and ATx) of each 
shot area at the detection points of the off -axis 
detectors GDCl and GDC 2 in the same manner as the 
above -described first embodiment, thereby enabling 
focus adjustment in the Z-direction and tilt adjustment 
in the X-direction (rolling direction) of the exposure 
area. 

In this embodiment, sines the pre-reading focus 
detection system GDL (GDR) and the exposure position 
focus detection system GDC have pairs of detection 
points (FAna and FAnb; ud§aa^and FBnb; FCna and FCnb; ; - 
FDna and FDnb; FEna and FSnb) spaced apart by a certain 
distance in the Y-direction, a tile error amount ATy ox 
the pre-read shot area in the pitching direction can be 
detected from the differences between Z-position errors 
at the detection points (... na, ... nb) forming pairs 
in the Y-direction, and adjustment amounts (i.e., 
target values AZA2) necessary for correcting the 

surface configuration of the shot area including of the 
tilt error amount ATy, can be reproduced at the 
detection points (FCna and FCnb) of the off -axis 
detectors GDCl and GDC 2 . 

The detectors GDB1, GDB2 , and GDB3 for detecting 
the focus positions at the detection positions FBI, 
FB2, and F33 shown in Fig. 3 are disposed as syscsms 
independent of each other by being fixed to a lower 
portion of the projection lens PL- However, at least 
these three detectors GDB1 , GD32, and GDB3 may be 
arranged to detect the focus positions at the detection 
points FBI, FB2, and FB3 through a common objective 
lens system. The same can also be said with respect to 
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the grd^^^f three detectors GDE1, GDE2 , and G^^^for 

detecting the focus positions at the detection points 
FE1, FE2 , and FE3 shown in Fig. 5. 

Further, a common objective lens system may be 
used for the same purpose with respect to the group of 
six detectors for detecting the focus oositions at the 



six detection points L Fsna and FBnb (n = 1, 2, 3) shown 
in Fig. or the other group of six detectors for 
detecting the focus positions. at the six detection 
points FEna and FEnb (n = i; 2, 3). An arrangement of 
using a common objective lens system for detectors for 
detecting the focus positions at a plurality of 
detection points is therefore described briefly with 
reference to Fig. 

Fig. LlB^is a schematic side view of the positional 
relationship between che projection lens and the 
detectors corresponding to the six detection points 
FBna and FBnb (n = 1, 2,3} and the four detection 
points FAla, FAlb, FA2a , and FA2b shown in Fig. b^/as 
seen in the Y-direction in Fig. Accordingly, the 

scanning direction of the wafer W in Fig. 
direction perpendicular to the plane of the figure and 
the five detection points FAla, FBna (n « 1, 2, 3), and 
FA2a arranged in a row in t^e X direction at the 
leftmost ^position in Fig. Ua/are representatively shown 
in Fig. Another row of detection points FAlb, F3nb 

(n - 1, 2, 3), and FA2b are adjacent to the five 
detection points FAla, FBna (n = 1, 2, 3), and FA2a (in 
a direction perpendicular to paper of Fig. In 
this embodiment, the focus positions at these ten 
points are detected through the objective lens system. 

As shown in Fig. illumination light ILF from 

an illumination optical system 80A including a light 
source (e.g. a light emitting diode, a laser diode, a 
halogen lamp or the like) capable of emitting light in 
a wavelength range to which the resist layer on wafer W 
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is not ^^pitive is emitted through each of te^^ali 
slits formed in a multi-slit plate 81A. The ten small 





slits are disposed in correspondence with the ten 
detection points FBna, FBnb (n = 1, 2, 3), FAla, FAlb , 
FA2a , and FA2b set on the wafer W. Light transmitted 
through the small slits is incident upon an objective 
lens 8 4A of a projection system via a lens system 82A 
and a reflecting mirror 83A and is deflected by a prism 
85 A by a desired angle to form a siic image at each 
detection point. 

The illumination optical system 8QA, the multi- 
slit plate 81A, the lens system 82A, the reflecting 
mirror S3A, the objective lens 84A and the prism 8 5A 
constitute a projection system of an oblique incident 
light type focus detection unit. The solid lines in the 
optical path from the multi-slit, plate 8 LA to the wafer 
W shown in Fig . represent principal rays of 
transmitted light from the small slits, and the broken 
lines in the optical path represent typical imaging 
rays the small slit imaging light imaged at the 

detection point F92a (or F32b) . 

The reflected light of the small slit imaging 
light reflected at each detection point on the wafer V? 
is again imaged on a receiving slit plate 81B via a 
prism 85B, an objective lens 84B f a reflecting mirror 
838 and a lens system 82B disposed generally 
symmetrically with respect to the projection system. 
Ten small receiving slits disposed in correspondence 
with the small slits in the projection rauiti- slit 
plate 81A are formed in the receiving slit plate 8iB. 
Light transmitted through these receiving slits is 
received by a light receiving device 803 which is a 
plurality of photoelectric detection elements. 

As the photoelectric detection elements of the 
light receiving device 80B, ten photoelectric detection 
elements are provided in correspondence with the 
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the small slits of the receiving s 




plate 81B to separately detect the focus positions at 
the detection points, on the wafer. The light receiving 
device 80B, the receiving slit plate 8 IB., the lens 
system 82B, the reflecting mirror B3B , the objective 
lens 84B and the prism 8 5B constitute a light receiving 
system of the oblique incident light type focus 
detection unit. The solid lines in the optical path 
from the^wafer W co the receiving slic plate 613 shown 
in Fig. epresent principal rays of the small slit 

images normally reflected by the wafer w, and the 
broken lines in the optical path represent typical 
imaging rays RSf from the detection point FB2a (or 
F32b) to the receiving slit plate 8^3. 

The projection system and the receiving system 
shown -in Pig. are mounted on an integral ly-formed- 
metal member so that the positions of the components 
are accurately maintain- ed relative to each other. 
The metal member is rigidly fixed on the lens barrel of 
the projection lens PL. Another focus detection unit 
constructed in the same manner is disposed on the 
opposite side of the projection lens PL to separately 
detect the focus positions at the ten detection points 
FEna, FEnb (n ^ 1, 2, 3), FDla, FD2a, FDlb, and FD2b 
shown in Fig. 

With respect to the pair of detection points FCla 
and FClb and the pair of detection points FC2a and FC2b 
shown in Fig. oblique incident light type focus 

detection units each having a projection system and a 
receiving system arranged in the Y-direction of Fig. b& 
(direction perpendicular to paper in Fig. may oe 

provided on the opposite sides of the projection lens 
PL in the X-direction. Also in the case where the 
focus position detection points are disposed as shown 
in Fig. 5, the oblique incident light type focus 
detection unit shown in Fig. ?Bv can also be applied in 
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the same ^^er. 

A scanning aligner to which the present automatic 
focusing/tilt control system is applied is next 
described in accordance with a third embodiment of the 
present invention with reference to Fig. tavT This 
embodiment is applicable to a scanning aligner for a 
large substrate e.g. 300 mm diameter or greater having 
a IX projection optical system formed of a tandem 
combination of a first-stage Dyson type (catadicptric) 
projection imaging system consisting of a pair of prism 
mirrors PM1 and PM2 , a lens system PL1 and a concave 
mirror- MR! and a second- stage Dyson type projection 
imaging system consisting of a pair of prism mirrors 
PM3 and PM4, a lens system PL2 and a concave mirror 
MR2. Such an aligner is disclosed in U.S. Patent 
5,29*8,939 (to Swanson et al . ) , for example . 

In the aligner shown in Fig. laJ^T a mask M provided 
as an original plate and a plate P provided as a 
photosensitive substrate are integrally supported on a 
carriage 100, and a pattern on the mask M is 
transferred onto the plats P as a rx (unit 
magnification) erect image by moving the carriage 100 
to the left or right as viewed in Fig. Ls^ relative to 
the projection field of the IX projection optical 
system and illumination light IL. so as to scan the mask 
M and plate P. 

In the case of the projection optical system for 
this type of aligner, it is desirable to minimize the 
spacing between the incidence plane of the prism mirror 
PMi and the surface of the mask M and the spacing 
between the exit plane of the prism mirror PN4 and the 
upper surface of the plate P for reducing 
deteriorations in imaging performance (various 
aberrations and image distortion) . In other words, if 
these spscings can be sufficiently reduced, the design 
of the lens systems PLl and PL2 disposed on the optical 
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axes AXl^^l AX2 becomes easier. Therefore, to^^Kieve 
the desired imaging performance, it is necessary to 
reduce the spacing between the prism mirror PM1 and the 
mask M and the spacing between the prism mirrors PM4 
and the plate P. 

In view of this condition, for focusing and tilt 
adjustment of the pattern image projected by this 
projection, prereading focus detection systems GDL and 
GDR and an exposure position off -axis typs focus 
detection system GDC such as those of the first rj 
embodiment (Pig. 3) or the second embodiment (Figs. 

are provided around the prism mirror PM4 as shown 
in Fig. to precisely coincide the surface of the 
plate P-.and the best focus plane BFP at the exposure 
position immediately below the prism mirror PM4 , by 
slightly moving the plate P in the Z-direction and the 
tilting direction. 

Further, pre-reading focus detection systems GDL' 
and GDR' and an exposure position off -axis type focus 
detection system GDC' may be disposed around the prism 
mirror PM1 on the jnask M side so as to face the mask M, 
as shown in Fig. bVf These focus detection systems 
make it possible to detect a focus error and a tilt 
error of the area of the mask M irradiated with 
illumination light It, with respect to the prism mirror 
PM1 and to measure, in real time, a small deviation in 
the Z-direction (a focus shift of the image plane) and 
a tilt deviation (inclination of the image plane) of 
the best focus plane (i.e., a conjugate plane of 
reticle R) formed at a predetermined working distance 
from the prism mirror PM4 . a 

Thus, in the aligner shown in Fig, UVr the image 
plane on which the pattern of the mask M is projected 
and imaged in an optimal condition by the projection 
optical system and the surface of the plate P can be 
adjusted to coincide with each other highly accurately 
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during ^^ftming exposure . cj 

The aligner shown in Fig. laj/may be constructed so 
that mask M and plate P stand vertically. Fig. ^-£©^is a 
perspective view of an exemplary structure of a 
scanning aligner having a vertical carriage for 
vertically holding mask M and plate P and for 
integrally moving mask M and plate P with respect to a 
projection optical system for scanning. A scanning 
aligner having mask M and plate ? h^ld vertically in 
this manner is disclosed in Japanese Laid-open Patent 
Application No. (Hei) 8-162401, for example. 

Referring to Fig. the entirety of the vertical 

type scanning aligner is constructed on. a fixed base 
120A which is placed on a floor with vibration 
isolators interposed between four corner portions of 
the fixed base 120A and the floor. Side frame portions 
121A and 121B are provided on opposite side portions of 
the fixed base 120A so as to stand vertically (in the 
X-direction) . A mask M is placed inside the side frame 
portion 121A while a plate ? is placed inside the side 
frame portion 121B- In the side frame portion 121A, 
there- tore, an opening is formed in which an end 
portion of an illumination unit 122 having optical 
systems for illuminating mask M with exposure 
illumination light and for mask -plate alignment is 
inserted, as illustrated- 

A guide base portion 123 is provided on the fixed 
base 120A so as to extend in the scanning direction (Y- 
direction). between the side frame portions 121A and 
121B. Two straight guide rails 123A and 123B are 
formed on the guide base portion 123 so as to extend in 
the Y-direction parallel to each other. A vertical 
carriage 125 is supported by fluid bearings or magnetic 
floating bearings on the guide rails 12 3 A and 12 3 B 
reciprocatingly movably in the Y-direction. The 
vertical carriage 125 is driven in the Y-direction in a 
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non-contjPmanner by two parallel linear motors^fc 
and 124B having stators fixed on the guide base portion 
123. 

The vertical carriage 125 has a mask-side carriage 
portion 125A vertically formed inside the side frame 
portion 121A to hold mask M and a plate-side carriage 
portion 125S vertically formed inside the side frame 
portion 123J3 to hold plate P. A mask table 126A for 
slightly moving mask M in the X- or Y- direction in an 
XY-plane or in a rotational id) direction and for 
slightly moving mask M in the Z-direction while holding 
mask M is provided on the mask-side carriage portion 
125A. On the other hand, a plate stage 126B for 
slightly moving plate P in the X- or Y-direction in an 
XY-plane or in a rotational (0) direction and for 
slightly moving plate P in the Z.-direction while 
holding plate P is provided on the plate-side carriage 

portion 125B. 

A projection optical system PL such as one 
disclosed in Japanese Laid-Open Patent Application No. 
(Hei) B-1S2401 mentioned above is used in this 
embodiment. The projection optical. system PL is 
constructed by arranging a plurality of sets (e.g., 
seven sets) of "IX" erect type double Dyson systems in 
the direction perpendicular to the X-direction. The 
plurality of sets of double Dyson systems are 
integrally combined and housed in a casing which is 
generally T-shaped as viewed in an XZ-plane. The 
projection optical system PL thus constructed is 
mounted by being suspended from upper end portions of 
the opposite side frame portions 121A and 121B so that 
predetermined working distances from mask M and plate 
are maintained. 

In the entire casing of the projecting optical 
system PL, mask M-side focus . detection systems GDC, 
GDL' , and GDR' on the mask M side and plate P-side 
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focus detection systems GDC, GDL, and GDlfVare provided 
so as to face mask M and plate P, respectively, as 
shown in Fig. l*k< The detection points defined by the 
pre-reading focus detection systems GDL, GDL' , GDR, and 
GDR' may be set in correspondence with the projection 
fields of the plurality of sets of double Dyson systems 
or may be arranged at predetermined intervals 
irrespective of the placement of the projection fields. 

Fig. ^la^is a perspective view of an example of a 
layout of detectors in mask M-side focus detection 
systems GDC , GDL', and GDR' provided in the casing of 
the projection optical system PL, shown in Fig.U»< The 
effective projection fields DFX , DF2, DF3 , DF4, DF5, 
of the plurality of sets of double Dyson systems 
are set as trapezoidal areas elongated in the X- 
direction perpendicular to the scanning direction. The 
trapezoidal projection fields DFn (n - 1, 2, 3 ...) are 
arranged in such a manner that the trapezoidal 
projection fields of each adjacent pair of double Dyson 
systems overlap each other by their oblique sides as 
seen in the X-direction. 

While only the pro j ection / f ields DFn on the mask M 
side are illustrated in Fig. the projection fields 

on the plate P side are also arranged in the same 
manner For example, the projection field OF 2 shown in 
Fig. Lie is defined by a double Dyson system such as 
that shown in Fig - including two concave mirrors 
MR2a and MR2b, and the projection field DF4 is defined 
by a double Dyson system including two concave mirrors 
MR4a and MR4b. ^ 

As shown in Fig. detectors GDA1' » GDB1' , GOB2' 

GDA2 ' (detectors GDA2 ' not being seen in Fig. IflLtff 

for the pre-reading focus detection system GDL' and 
detectors GDD1' , GDE1 ' , C-DE2' . . . , GDD2' (detectors 
GDD2 ' not being seen in Fig. IscH' for the pre-reading 
focus detection system GDR* are disposed on the 
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opposite^H^s (on the front and rear sides wit? 
respect to the scanning direction) of the plurality of 
projection fields DFn. Also, exposure position focus 
detectors GDC1' and GDC2 ' (detector GDC2' not being 
seen in Fig. bctf are disposed at the opposite ends of 
the entire array of the plurality of projection fields 
DFn in the X-direction perpendicular to the scanning 
direction. 

Each of the focus detectors described above is 
e.g. an air micrometer type electrostacic gap sensor. 
They may alternatively be oblique incident light type 
focus detectors. While only the focus detectors . for 
detection on the mask M side are illustrated in Fig. 

a plurality of detectors are 3lso arranged in the 
same manner in the focus detection systems GDC, GDIj, 
and GDR for detection of the plate P. 

Adjustment portions KDl and KD2 for adjusting 
various optical characteristics of the plurality of 
sets of double Dyson systems are provided on side 
portions of the casing of the projection optical system 
PL shown in Fig. Therefore r a mechanism is 

provided to adjust the Z-direction position, i.e., to 
set a mechanical (optical) focus offset detected as a 
best focus plane by each focus detector, if the 
position of the best focus plane on the mask M side or 
plate P side is changed in the Z-direction in Fig. 
by the optical characteristic adjustment. 

This mechanism may be e.g. a mechanism which 
mechanically adjusts the position of a focus detector 
in the Z direction, or a mechanism which optically 
adjusts the position recognized as the best focus 
position by the focus detector in the Z direction, so 
that the optical path length is changed optically. 
Alternatively, the mask or plate are automatically 
adjusted for focussing in the Z direction according to 
detection signals which represent a focus error, and an 
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offset IBSdded to its moved position in the Z 
direction. 

A fourth embodiment in accordance with the present 
invention is next described with reference to Fig. 
This embodiment is applicable to an apparatus for 
performing projection exposure while immersing a 

projection end portion of a project ion ^lens system ?L 
in a licjuid as described above. Fig. cross- 
sectional- view of a. portion of the apparatus from the 
end of the projection lens system PL and to a wafer 
holder WH. 

A positive lens element LSI having a flat lower 
surface Pe and a convex upper surface is fixed on the 
end of the projection lens system PL inside the lens 
barrel. The lower surface Pe of this lens element LEI 
is finished so as to be flush with the end surface of 
the extreme end of the lens barrel, so that a flow of a 
liquid LQ is disturbed only to a minimal extent. To a 
lens barrel end portion of the projection lens system 
PL immersed in liquid LQ, detectors of pre-reading 
focus detection systems GDL and GD ^ anci an exposure 
position focus detection system are similar 

to those shown in Pig. 1 are attached so that their 
extreme end portions are immersed in liquid LQ. 

A plurality of attraction surfaces 113 for 
attracting the reverse surface of wafer W by vacuum 
suction are formed in a central inner bottom portion of 
the wafer holder WH . More specifically, the attraction 
surfaces ll^v^f^plurality of circular-band- like land 
portions which have a height of about 1 mm and which 
are formed concentrically with each other with a 
predetermined pitch in the diametrical direction of the 
wafer W. Each of the grooves formed in central 
portions of the circular land portions communicates 
with a tubing 112 in the wafer holder WH. The piping 
112 is connected to a vacuum source for vacuum suction. 
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In 




embodiment, the spacing (substanti 




working distance) between the lower surface Pe of the 
lens element LEI at the end of the projection lens 



auxiliary plate portion HRS} in an optimum focus state, 
i.e., the thickness of liquid LQ in which a projection 



Accordingly, the depth Hq of liquid LQ filling the 
wafer holder WH may be two to several times. larger than 
this thickness /5mm or less), and the height of a wall 
portion LB vertically formed at the peripheral end of 
the wafer holder WH is about 10 to 25 mm". Thus in this 
embodiment, the thickness of liquid LQ in the imaging 
optical path corresponding to the working distance of 
the projection lens system PL is reduced, so that the 
total volume of liquid LQ filling the wafer holder WH 
is smaller and hence temperature control of the liquid 
[LQ] is easier. 

In the region of liquid LQ in which the projection 
optical path is formed, a part of the illumination 
energy is absorbed when exposure light passes 
therethrough, so chat an irradiation heat fluctuation 
can easily occur. If the depth Hq of liquid LQ is 
small, an increase in temperature due to such 
irradiation heat fluctuation occurs easily and an 
adverse effect of reducing the stability of temperature 
control may result. In such a case, a better effect is 
obtained by setting the depth Kq of liquid LQ to a 
value several times the substantial working distance, 
in order to disperse the influence- of irradiation heat 
fluctuation in the large-volume liquid layer. 

To provide focus detection systems GDL, GDR, and 
GDC as an optical type detection system in an immersion 
projection system such as that shown in Fig. one 
prevents the projected beam obliquely incident upon the 
surface of wafer W or auxiliary plate portion HRS and 



system PL and the upper surface of the wafer W (or 



optical path is formed, is set to be 5 mm or less. 
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the beal^^f lected by this surface from intersl^^ng 

the interface between liquid LQ and air. An example of 
a focus/tilt detection system suitable for such an 
immersion projection type aligner^ is therefore 
described with reference to Fig. 

Fig. ^i^shows the construction of a focus 
detection system GDL disposed in the vicinity of a 
projection lens system PL. Other detection systems GDR 
and GDC axe constructed in the same manner as the 
detection system GDL. ^n Fig. ttf, the same components 
as those shown in Fig.Ld^are indicated by the same 
reference characters or ^numerals. 

Referring to Fig. '^Lot a prism mirror 200 formed of 
a glass block and having a lower portion immersed in 
liquid LQ is fixed in the vicinity of a peripheral 
portion of the projection lens system PL. The prism- 
mirror 200 has reflecting surfaces 20Oa and 200b 
partially immersed in liquid LQ, and flat surfaces 200c 
and 200d through which the projected beam or reflected 
beam travels out of the glass of the prism mirror 200 
into liquid LQ or out of liquid LQ into the glass. 
Also the prism mirror 200. has a flat upper surface. 

A multi-slit plate 205 is illuminated through a 
condenser lens or a cylindrical lens 203 with light LK 
(having a non-actinic wavelength relative the resist on 
wafer W) from a light source 202 such as a light 
emitting diode (LED) or a laser diode (LD) for forming 
a projected beam for focus/tilt detection. A plurality 
of transmission slits corresponding to detection points 
(areas) FAn and F3n of the focus detection system. GDL 
are formed in the slit plate 205. The light from each 
transmission slit is reflected by a beam splitter 207 
and is incident upon an objective lens 2 09 to be 
converged as an imaging beam forming a slit image on 
the upper surface of wafer W. 

The imaging beam emergent from the objective lens 
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209 entiffc:he prism mirror 200 through the upp^^nd 
surface of the same, is normally reflected by the 
reflecting surface 200a, and enters liquid LQ through 
the flat surface 200c to be obliquely incident upon the 
surface of wafer W to irradiate the same. The beam 
reflected by wafer W enters the prism mirror 200 
through the opposite flat surface 200d, is normally 
reflected by the reflecting surface 200b and travels 
out of the prism mirror 200 through the upper end 
surface. This reflected light beam passes through an 
objective lens 211 and is reflected by a reflecting 
mirror 213 disposed at a pupil position of the 
objective lens 211. 

The beam reflected by the mirror 213 travels 
reversely through the objective lens 211 and again 
travels via the reflecting surface 200 and the flat 
surface 200d of Che prism mirror 200 to again irradiate 
wafer W. The light beam again reflected by wafer w 
travels via the flat surface 200c and the reflecting 
surface 200a of the prism mirror 200, passes the beam 
splitter 207 and is incident on a photoelectric 
detector 215. The photoelectric detector 215 is a 
plurality of light receiving elements corresponding to 
the slits of the slit plate 205. The photoelectric 
detector 215 separately outputs detection signals with 
respect to the detection points FAn and Fan, 
respectively. 

Thus, the focus/tilt detection system shown in 
Fig. is arranged as a double -path system in which 

the projected beam reflected by wafer W is again 
reflected by wafer W, and can therefore have higher 
sensitivity for detection of an error in the wafer W 
surface position in the Z-direction in comparison with 
a single-path system. 

In this embodiment, a glass block (prism mirror 
2 00) is provided at the extreme end of the focus/tilt 

So 
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detectid^R'stem and is positioned so as to be 
partially immersed in liquid LQ, so that the projected 
beam and the reflected beam do not. pass any interface 
between liquid LQ and air, thus providing a stable beam 
path. Moreover, the effective length of the path in 
liquid LQ through which the projected beam or reflected 
beam travels is reduced by virtue of the prism mirror 
200, thereby avoiding any reduction in accuracy due to 
temperature variation of liquid uQ ac the time of 2- 
position measurement. 

Modified examples of the structure of the wafer 
holder WH shown in Figs, 1 and 5 are described with 
' reference to Figs. ^Xd and kt&. Fig. Ui^/is a cross- 
sectional view of a wafer holder WH to be mounted in a 
projection exposure apparatus for performing immersion 
exposure. In this example, fine Z- drive units 220 
such as piezoelectric elements are provided which can 
slightly move an auxiliary plate HRS surrounding an 
attraction surface 113 on which wafer W is supported. 
The fine Z-drive units 220 move the auxiliary plate KRS 
in the Z-direction by a stroke of about several tens o£ 
micro-meters . 

If the difference between the height of the 
surface of wafer W placed on the attraction surface 113 
of the wafer holder WK and the height of surface of the 
auxiliary plate HRS in the Z-direction is larger than 
an allowable difference, this Z-drive unit 220 is used 
to correct the height of surface of the auxiliary plate 
HRS so that the difference is reduced to a value 
smaller than the allowable value. 

As mentioned above with reference to Fig. 5, the 
surface of the auxiliary plate KRS functions as an 
alternative detection surface for the focus detection 
points FA1 (or FA2) , FC1 (or FC2 ) , and FD1 (or FD2 ) 
located outside wafer W when shot area SAX at the 
peripheral portion of wafer W is exposed. However, when 
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inner shl^rea SA2 (see Fig. 5) of wafer W is ^^sed, 
these focus points are positioned on wafer W. 
Therefore/ the focus detectors GDA1. GDA2, GDC1, GDC2 . 
GDD1, and GDD2 having detection points each bf which is 
not exclusively positioned on one of the surface of the 
auxiliary plate HRS and the surface of wafer W must 
accurately measure the Z-position on each of these 
surfaces. That is, it is necessary for the positions 
in the Z-direction of the surfaces of the auxiliary 
plate HRS and wafer W to be within the linear focus 
measuring range of the each focus detectors GDAn, GDCn 
and GDDn . . 

For example, if the linear focus measuring range 
of the focus detectors is.± 10 micrometers, the z 
nositional deviations of the surfaces of the auxiliary 
plate HRS and wafer W are limited within the range of 
several micrometers. However, the thickness of wafers 
varies in a tolerance determined by the SEMI standard, 
and it is difficult to limit the thicknesses of all 
usable wafers within the range of several micro-meters. 

Therefore, when wafer W is attracted to the wafer 
holder WH shown in Fig. ^before exposure, the 
difference between the Z-position of a suitable portion 
of the wafer W surface (e.g., a central portion of a 
peripheral shot area) and the Z-position of the surface 
of the auxiliary plate HRS is measured by using one of 
the focus detection systems (GDL, GRD, GDC) before 
exposure. If the difference exceeds the allowable 
range (e.g, , several micro-meters), the height o£ the 
auxiliary plate HRS is adjusted so that the difference 
is within the allowable range by controlling the fine 
Z-drive units 220 shown in Fig. Since the wafer 

holder WH shown in Fig. b3tf is filled with liquid LQ, 
the fine Z-drive units 220 are "waterproofed" to 
prevent the liquid from entering the units. 

The conscruction shown in Fig. ^riS^is next 
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described. Fig. is a cross -sectional view o^^ 

modified example of the structure including a wafer 
holder WH and a ZL stage 30 , which is suitable for 
exposure of a wafer in air. The components 
corresponding to those shown in Fig. twf are indicated 
by the same reference characters or numerals. Referring 
to Fig. ^1^, the wafer holder WH is constructed as a 
chuck on which only an attraction surface 113 for 
supporting wafer W is formed, and which is fixed on a 
ZL stage 30. 

An auxiliary plate HRS is mounted on the ZL stage 
30 with fine Z-drive units 220 interposed therebetween. 
• Each function point PV of three Z-actuators 32A, 3 2C, 
and 32B (3 2B not being seen, in Fig. for driving 

the ZL state 30 in the Z- direction and a tilting 
direction are set to points at a peripheral portion of 
tha ZL stage 3 0 substantially at the same height as the 
wafer mount surface (attraction surface 1131 of the 
wafer holder WH. ^ 

Also in the arrangement shown in Fig. lllB, the 
height of the auxiliary plate HRS is adjusted to that 
of the upper surface of wafer w by using fine Z^drive 
units 220 in the same manner as shown in Fig. ^L^C, 
This structure of the ZL stage 30 and the z-actuators 
^A^^4n^. h&, in which ^te±g h t of the height 
of the function points PV are set to the same level as 
the wafer surface, may also be applied to the aligner^, 
shown in Fig. 1. Also, the wafer holder WH^f Fig. k^SS 
may be mounted on the ZL stage 30 of Fig. tu^to form a 
focusing and tilting stage suitable for immersion 
projection exposure apparatus or its method. 

The present invention has been described with 
respect to applications to exposure apparatus. 
However, the above-described embodiments can be 
modified in various ways with- out departing from the 
scope of the present invention. For example, the focus 



-95- 



detecticJPfstieras GDL, GDR, and GDC may included 
electrostatic capacity type gap sensors or air 
micrometer type gap sensors in the case of an aligner 
for performing projection exposure in air. Also, the 
present invention is applicable e.g. to any of the 
step-and-repeat type, step-and- scan type and "IX- 
scanning type projection aligners using, as exposure 
light, g-line U63 run) or i-line (365 nm> from a 
mercury discharge lamp or pulse light (24 3 nm) from KrF 

excimer laser. 

According to the present invention, precise 
focusing and tilt control at the exposure position can 
be realized while the working distance of the 
projection optical system mounted in the projection 
aligner is set to an extremely small value, so that 
correction of various aberrations and distortion, 
correction in optical design of the projection optical 
system become easier and the transparent optical 
element positioned near the image plane, in particular, 
can be reduced in size. 

Each of the focusing/tilt control systems in 
accordance with the above-described embodiments of the 
present invention is applicable to a certain type of 
projection exposure apparatus. However, the present 
invention is also applicable to . focus/tilt detection 
systems for beam processing (manufacturing) 
apparatuses, writing apparatuses, inspection 
apparatuses and the like and is not limited to 
semiconductor fabrication. These beam processing 
apparatuses, writing .apparatuses and inspection 
apparatuses are provided with an optical or 
electrooptical objective system to which the present 
invention can be applied as a focus detection system 
for detecting a focus on a substrate, specimen or 
workpiece. 

Fig. k&}/ shows the construction of a focus 

44 



-96- 



detecti stem applied to an objective optici^i^stem 

of an apparatus for processing a workpiece with a laser 
or electron beam or fCjr writing a pattern on a 
workpiece, and Fig. \±2& shows a planar layout of 
detection points of the focus detection system shown in 
Fig. kW. • y 

Referring to Fig. processing or writing 

beam LBW is deflected unidimentionally or two- 
dimensional iy by a scanning mirror 3 00 and travels vid 
a lens system 301, a fixed mirror 302 and a lens system 
303 to be incident upon a beam splitter 304. The beam 
LBW is reflected by the beam splitter 304 to be. 
incident upon a high-resolution objective system 305 
having a small working distance. The beam LBW is 
condensed into a small spot having a predetermined 
shape (e.g-, a variable rectangular shape) on a 
workpiece WP by the objective system 3 05. 

The workpiece WP is attracted to^and fixed on the 
same holder WH as that shown in Fig. ^4JC or An 
auxiliary plate HRS is attached integrally to the 
holder WH around the workpiece WP. The holder WH is 
fixed on an unillustrated XYZ- stage to be moved two- 
dimensionally in a horizontal direction and in a ^ 
direction perpendicular to paper as viewed in Fig. 
The holder WH is also moved slightly in the vertical 
direction (Z-direction) for focusing. 

The apparatus shown in Fig. h^2^ is also provided 
with an optical fiber 310 for emitting illumination 
light for observation, alignment or aiming, a beam 
splitter 311 and a lens system 312 for leading the 
illumination light to the above-mentioned beam splitter 
3 04, and a light receiving device (e.g. or 
photomultiplier, image pickup tube, CCD or the like) 
314 for photoelectrically dececting reflected light, 
scattered and diffracted light or the like from the 
workpiece WP obtained through the objective system 305. 
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Pre^^ding focus detection systems GDL anc^fel 
and a processing position focus detection system GDC ( n 
are provided around the objective system 305. Fig.Ua^ 
shows a field 3QSA of the objective system 305 and a 
planar layout of detection points of the focus 
detection systems disposed around the field 305A. For 
convenience, the center of che field 305A is set at the 
origin of an XY coordinate system. A rectangular area 
in the field 30 5A indicates the range through which the 
spot of the beam LBW scans by the def lection of the 
beam caused by the scanning mirror 300. 

Focus detectors GDA1, GDBn, and GDA2 on the left- 
hand side of the field 30SA of the objective system are 
disposed so that detection points FAl, FBI, .F32, F33 , 
and FA2 is set in a row parallel to the Y-axis. Also, 
focus detectors GDD1, GDEn, and GDD2 on the right-hand 
side of the field 305A are disposed so that detection 
points FDl, FE1, FE2, FS3 , and FD2 is set in a row 
parallel to the Y-axis. 

On the other hand, a focus detector GDC1 provided 
above the field 3 05A is set so that three detection 
points FDla, FDlb, and FDlc are placed on a line 
passing the two detection point FAl and FD1 and 
parallel to the X-axis while a focus detector GDC 2 
provided below the field 3 OS A is set so that three 
detection points FD2a , FD2b, and FD2c are placed on a 
line passing the two detection point FA2 and FD2 and 
parallel to the X-axis. In this embodiment, a set of 
the focus detectors GDA1, GDBn and GDA2 and a set of 
the focus detectors GDD1, GDEn and GDD2 are selected as 
the focus pre-reading function while the worlcpiece W? 
moves in the X-direction. On the other hand, the focus 
pre-reading function is achieved by selecting a set of 
the focus detectors GDA1, GDC1 and GDD1 and a set of 
the focus detectors GDA2 , GDC 2 and GDD2 while the 
workpiece WP moves in the Y-direction. This embodiment 

u 
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is arrarl^^so that the detection points of the^^us 
detectors GDBn, GDC1, GDC2 , and GDEn can be changed for 
detecting a focus of the processing position. For 
example, when the workpiece WP is moved in the X 
direction from the left-hand side to the right-hand 
side of Fig. one of three pairs of detection points 

FDia and FD2a , detection points FDlb and ?D2b. and 
detection points FDlc and FD2c may be selected for 
focus detection of the processing position while the 
detection points FAl, FBI, FB2 , • FB3 , and FA2 are being 
used for pre-reading. 

This arrangement is intended to achieve an effect 
described below. That is, the position of the spot of 
the processing or drawing light beam LBW changes in the 
scanning range 30S3. Therefore, when for example, the 
light spot is positioned at the leftmost end of the 
scanning range 3 05B as seen in Fig. the two 

detection points FDia and FD2a are selected for 
processing position focus detection. When the light 
spot is positioned at the rightmost end of the scanning 
range 305B, the two detection points FDlc and FD2c are 
selected for processing position focus detection. 

In this manner, the reproducibility and accuracy 
of focus, control or tilt control are improved. The 
holder Wa^/shown in Fig. halt is slightly moved in the 
focusing {Z) direction and in a tiding directions on 
the XY stage. As is a drive system and a control 
system for this movement, those shown in Fig. 4 can be 
used without being substantially modified. 

As described above, the focus detection system 
shown in Fig. 

arranged to enable pre- 
reading detection on the focus in each of the 
directions of the two-dimensional movement of workpiece 
WP and to enable the focus detection point for the 
processing position co be selected according to the 
position of the beam spot in the field 305. As a 
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result. a peripheral portion of workpiece 

precisely processed (imaged) in an accurately focused 
state or pattern imaging can be performed thereon in 
such a state. 

An inspection apparatus to which the focus/ tilt 
detection system of the present invention can be ^ 
applied is described briefly with reference to Fig. U^/ 
which shows an example of an apparatus for optically 
inspecting defects in patterns drawn on a mask or 
reticle for photolithography or defects, in circuic 
patterns of a semiconductor device or liquid crystal 
display device formed on a substrate. 

In recent years, techniques for examining the 
quality of an inspected pattern formed on a specimen 
(substrate) and checking the presence or absence of 
extraneous materials' or particles and damage by 
enlarging the inspected pattern through an objective 
optical system, by forming an enlarged image of the 
pattern by a CCD camera or the like and by analyzing an 
image signal obtained from such an image have been 
constructively introduced into this kind of inspection 
apparatus . 

In such a case, it is important to improve the 
accuracy with which an accurately enlarged image of the 
inspected pattern is obtained. An objective system 
having high resolution and a large field si2e and 
capable of forming an image with minimized aberrations 
and distortion is therefore required. Such an 
objective system naturally has a small working distance 
and is ordinarily designed as a through the lens ( TTL. ) 
type such that focus detection is made through the 
objective system. However, a TTL optical focus 
detection system entails a problem of limiting the 
detection sensitivity (the amount of change in 
detection signal with respect to an error in focusing a 
specimen) because of a restriction due to the numerical 
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aperture^Kt of the objective system. 

If a TTL focus detection system is formed so as to 
use light having a wavelength different from that of 
illumination light for inspection, aberration 
correction must be taken into consideration with 
respect to the wavelength ranges of inspection 
illumination light and focus detection illumination 
light in the optical design of the objective system. 
In such a case, the lens cannot always be designed 
optimally with respect to inspection illumination 

light. & 

Then, as shown in Fig. ^f t a plurality of sets of 
focus detection systems GDC, GDL, and GDR are provided 
around an objective lens 330 f or^nspection in the same 
manner as those shown in Figs. tLZtf' and tarf! A specimen 
WP to be inspected is e.g. a mask having a pattern Pa 
formed on its lower surface. The specimen WP. is 
supported at its peripheral end on a frame- like two- 
dimensionally-movable stage 331 having an opening. The 
objective lens 330 is mounted in an upward- facing state 
on a base member 332 for guiding movement of the stage 
3 31. An enlarged image of a local area in pattern Pa 
is imaged on an imaging plane of an image pickup ^| v £- ce 
336 through a beam splitter 334 and a lens systemW^ 

On the opposite side of the specimen WP, a 
condenser lens 338 of an illumination optical system is 
disposed coaxial with the axis AX of the objective lens 
330. Illumination light from an optical fiber 340 
travels through a condenser lens 341, an illumination 
field stop 342 and a lens system 343 to be incident 
upon the condenser lens 338, thereby irradiating the 
area on the specimen WP corresponding to the field of 
the objective 330 with a uniform illuminance. 

In the above -described arrangement, the focus 
detection systems GDC, GDL and GDR are mounted on the 
base member 332 together with the ob j ect ive^a^s* 
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upwardly^^e the pattern Pa. A plurality of f^fc 
detectors (a plurality of detection points) are 
provided in the focus detection systems GDL and GDR 
provided for pre-reading, while at least one pair of 
focus detectors is provided in the focus detection 
system GDC for detection at the inspection position. 

Also in the focus detection system shown in Fig. 
\H< the specimen WP on the stage 331 may be moved 
vertically along the optical axis ax or tilted on the 
basis of focus position information detected by the 
focus detectors by using a control, circuit such as that 
shown in Fig. 4. In the inspection apparatus shown in 
Fig. however, only an effect of obtaining a high- 

quality enlarged image of the pattern Pa imaged by the 
image pickup device l^may suffice. Therefore, a focus 
adjuster 352A or 3S23 for slightly moving the objective 
lens 330 or the lens system 33 5 along the optical axis 
AX may be provided instead of the means for vertically 
moving the specimen WP. 

An inspection apparatus in which a mask pattern Pa 
provided as a specimen WP is positioned so as to face 
downward has been described by way of example with 
reference to Fig. I?. Needless to say, this embodiment 
can be directly applied to an inspection apparatus in 
which pattern Pa faces upward, while the objective lens 
faces downward. In the apparatus shown in Fig. a 
transmitted image of pattern Pa is inspected by a 
coaxial transmission illumination system. 

However, the illumination system may be changed so 
Chat coaxial reflection illumination light is 
introduced through the beam splitter 3 34 in the 
direction of the arrow 350 in Fig. U&< In such a case, 
the enlarged image received by the image pickup device 
33 6 is formed by imaging reflected light from the 
pattern Pa. 

Further, another method may be used in which a 

no 
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spatial 




ter with a transmission portion hav: 




a 



desired 9hape is removably placed at the position of a 



the illumination optical system or in the imaging 
optical system to enable a bright field image or a dark 
field image of pattern Pa to be selectively imaged on 
the image pickup device 336 . 

This disclosure is illustrative and not limiting; 
further modifications will be apparent to one of 
ordinary skill in the art in light of this disclosure, 
and are intended to fall within the scope of the 
appended claims. 



Fourier transform plane formed in the optical path of 
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Brief 




ription of Drawings 



Fig. -1 is a diagram showing a scanning projection 
exposure apparatus (aligner) in a first embodiment of 
the present invention; 

Fig. 2 is a schematic perspective view explaining 
a scanning exposure sequence; 

Fig. 3 is a schematic perspective view of Che 
disposition of a focus detection system provided in the 
vicinity of an end of the projection Lens system shown 
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in Fig. 

Fig. 4 is a circuit block diagram of a circuit 
arrangement in the AF control unit shown in Fig. 1; 

Fig. 5 is a plan view of the positional 
relationship between a projection field and detection 
areas of focus sensors on the wafer in the apparatus 
shown in Fig. 1; 

Figs. 6A, 63, 6C, and 6D are diagrams of the 
focusing and tilting operacion of the apparatus shown 
in Fig. 1; ^ 

Fig. b-^is a plan view of a layout of detection 
areas of a focus/tilt detection system in a second 
embodiment of the present invent ion ; 

Fig. tJW'is a side view of a layout of a modified 
example of the focus/tilt detection system shown in 
Fig. 

Fig. W« is a schematic diagram in a third 
embodiment of the present invention in which the 
invention is applied to a scanning exposure apparatus 
(scanning aligner) ; 

Fig. las<is a perspective view of a vertical 
carriage anplied to Che scanning aligner shown in Fig. 

Fig. rspective view of a projection 

optical system and a focus detection system provided in 
the projection aligner shown in Fig. ^dlf; 

Fig . a cross-sectional view in a fourth 

embodiment of the present invention in the construction 
of which the invention is applied to an immersion 
projection exposure apparacus ; 

Fig. a diagram showing an example of an 

optical path layout of a focus/tilt detection system 
suitable for the immersion projection exposure 
apparatus; ^ ^ 

Figs. bJuf and ki^are cross -sectional views of 
modified examples of the wafer holder; 
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Fig. U^t^is a diagram showing an example of a 
manufacturing or imaging or writing apparatus to which 
the focus detection sensor of the present invention is 
applied; 



Fig- ^t3B is a plan view showing an exemplary 
layout of the focus detection system applied to the 
apparatus shown in Fig . and 

Fig. is a diagram schematically • shewing the 

construction of an exemplary inspection apparatus to 
which the focus/tilt detection system of the present 
invention is applied. 
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Fig. 7 
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1 ( Abstra 




Vhe present invention provides a 
projection aligner (exposure apparatus) and an exposure 
method .which enable high-precision focusing control and 
high- precision tilt control even is a projection 
optical system to reduce the working distance in 
comparison with the conventional project ion optical 
system is incorporated. 

Improvements in a focusing apparatus having an 
objective optical system for optically manufacturing a 
workpiece, forming a desired pattern on a surface of a 
workpiece or inspecting a pattern on a workpiece and 
used to adjust- the state of focusing between the 
surface of Che worJcpiece and the .objective optical 
system. The focusing apparatus has a first detection 
system having a detection area at a first position 
located outside the field of the objective optical ' 
system, a second detection system having a detection" 
area at a second position located outside the field of 
the objective optical system and spaced apart from the- 
first position, and a third detection system having a 
detection area at a third position located outside the 
field of the objective optical system and spaced apart 
from each of che first and second positions . x 
calculator calculates a deviation between a first focus 
position and a target focus position and temporarily 
stores a second focus position at the time of detection 
made by the first detection system. A controller 
controls focusing on the surface of the workpiece on 
Che basis of the calculated deviation, the stored 
second focus position and a third focus position when 
the area on the workpiece corresponding to the 
detection area of the first detection system is 
positioned in the field of the objective optical system 
by relative movement of the workpiece and the objective 
optical system. 

2 Representative Drawing 
Fig . 1 
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